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Abstract 
  The objective of this thesis was to better understand the epidemiology of caseous 
lymphadenitis (CLA) and its economic effects on the Australian sheep industries.  The 
work also sought to apply this knowledge to better understand how to control the 
disease in Australian sheep flocks. 
  The occurrence of CLA in some other species, as a comparison to CLA in sheep, 
is described in the literature review.  However a comprehensive review of research on 
CLA in all livestock species is not needed to meet the aims of the thesis. 
  The research used serological tests developed in the 1970s and ‘80s to examine 
the epidemiology and costs of CLA in Western Australian sheep flocks.  
Epidemiological techniques were used to determine the main risk factors associated 
with high incidences of CLA.  Controlled experimentation was used to better 
understand the spread of CLA within flocks.  Prevalence data collected at abattoirs 
and survey techniques were employed to better understand how CLA was being 
controlled in Australian sheep flocks. 
  It was shown that toxin and cell wall ELISA tests for CLA were useful tools to 
study the spread of CLA in sheep flocks.  Using the serological tests it was estimated 
that 80 per cent of CLA spread occurs after the second and third shearings.  This 
knowledge was used to design a risk factor study which identified two significant 
factors associated with high CLA spread, that is in dips and close contact after 
shearing.   
  These tests also facilitated the study of new CLA infection on wool production.  
It was found that sheep produce approximately five per cent less clean wool in the 
year in which they are infected. 
i  
  The main routes for the spread of CLA were from sheep with lung abscesses to 
those with skin cuts and through dips, rather than from an environment contaminated 
with Corynebacterium pseudotuberculosis bacteria. 
  A survey of sheep producers found that the prevalence of CLA had decreased 
from over 50% in the 1970s to approximately 20% in the late 1990s.  It also found that 
current vaccines were being used inefficiently.  Large increases in the efficiency of 
control can be achieved by approximately 70 per cent of producers by using 
commercially available vaccines and the recommended vaccination programs of two 
doses to lambs and annual boosters to adult sheep. 
ii  
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Purpose 
  In the early 1980s, caseous lymphadenitis (CLA) was a highly prevalent bacterial 
disease in sheep.  The rationale for the work described in this thesis was that the 
epidemiology of CLA was not well understood.  Although a commercial vaccine had 
been released in 1983, its efficacy in commercial sheep flocks had not been thoroughly 
assessed.  The economic effects of CLA on the sheep meat production industry were 
documented, however any effects of the disease on livestock production were not 
known. 
Hypotheses 
1.  That the spread of CLA is from infected sheep, rather than from the environment 
contaminated with Corynebacterium pseudotuberculosis bacteria. 
2.  That CLA challenge has significant economic effects on sheep production. 
3.  That the commercial vaccine available in Australia decreases the prevalence of 
CLA in commercial sheep flocks. 
The use of ELISA tests 
  The use of ELISA tests in the research presented in this thesis was vital achieve its 
aims.  However, they have been used in different ways in the various studies and the cut-
offs used for these purposes are not identical.  There are three main reasons why the use 
of ELISA tests in this thesis is not consistent. 
•  Firstly the tests were developed during the 10 years of these studues and as tests 
were improved it was inevitable that cut-offs used to monitor CLA spread would 
change. 
v  
•  Another reason why the use of the ELISAs was inconsistent was that they were 
used for different purposes.  In some studies the tests were used to estimate the 
prevalence in mature sheep.  In others they were used to exclude young sheep if 
there was any possibility that they had been exposed to CLA.  The different 
purposes would have led to quite different cut-offs of ELISAs being used. 
•  Lastly the populations of sheep in which the tests were used were very different.  
This again led to varying cut-offs being used for the tests. 
  The tests were consistently evaluated and improved of the 10 years of these 
studies and were assessed in the population of sheep in each study to determine the most 
appropriate cut-offs in line with the aims of the study.  
Animal Ethics Committee Approval 
  All research described in this thesis, which involved animals, was approved by 
the Western Australian Department of Agriculture and Food Animal Ethics 
Committee. 
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CHAPTER 1 
Literature review 
The following is a modified version of the published chapter: Corynebacterium 
pseudotuberculosis infections, M.W. Paton, M.G. Collett, M. Pepin and, G.F. Bath (2005) 
Infectious Diseases of Livestock (J.A.W. Coetzer and R.C. Tustin ed.) Vol. 3 pp. 1917–1930. 
Oxford University Press, Oxford. 
1.1 Introduction 
 Infection  with  Corynebacterium pseudotuberculosis (C. ovis) most commonly causes 
caseous lymphadenitis (CLA), a chronic disease of sheep and goats that is 
characterised by abscessation of one or more lymph nodes.  Less commonly, it results 
in pneumonia, hepatitis, mastitis, arthritis, orchitis, subcutaneous abscesses, abortion, 
stillbirth and perinatal mortalities in these species.  A syndrome associated with 
haemolysis and icterus in sheep and goats may follow natural infection or 
experimental challenge.  This infection is also the cause of ulcerative lymphangitis, 
pectoral abscesses, folliculitis and furunculosis (referred to as "contagious acne"), 
mastitis and abortion in horses, and ulcerative lymphangitis in cattle. 
 Corynebacterium  pseudotuberculosis  was first described in 1888 by the French 
veterinarian Nocard, who isolated it from a case of ulcerative lymphangitis in a 
bovine.  Three years later the same organism was isolated from a renal abscess in a 
sheep by Von Preisz (Brown and Olander, 1987; Carne, 1939), hence the term 
“Preisz-Nocard” abscessation. 
  Caseous lymphadenitis is a highly prevalent and economically important 
disease of sheep and goats and is responsible for considerable financial losses in some 
countries as a result of the condemnation and downgrading of infected carcasses and 
skins at abattoirs and reduced wool production (Ashfaq and Campbell, 1980; Batey, Chapter 1. Literature review 
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1986a; b; Batey, Speed and Kobes, 1986; Gezon et al. 1991; Richard et al. 1979; Santa 
Rosa et al. 1989; Stoops et al. 1984).  In other countries, the disease has gained increased 
attention following the introduction of infected sheep or goats.  The disease is present 
on all continents, but was absent from Britain until the late 1980s (Gilmour, 1990; 
Meldrum, 1990). 
  The average prevalence of CLA in Western Australian adult sheep was first 
measured in 1973 at 58 per cent (Robertson 1980) and in 1984 at 53 per cent (Batey 
1986a).  The total annual (1987/88) economic loss as a result of CLA in Australia was 
estimated at Aust. $25 million because of reduced wool production, condemnations 
and trimmings of carcasses, and the cost of meat inspection (Paton, 1989). 
  It is the most common infection in the so-called "thin-ewe syndrome" in the USA 
(Gates et al. 1977; Renshaw et al. 1979).  In a study in western USA, the mean 
prevalence in adult ewes was 42.4 per cent (Stoops et al. 1984). 
  In South Africa, CLA was first reported by Jowett in 1909 (Jowett, 1909).  It 
appears to be more common in the drier areas of South Africa, such as the Karoo, 
Eastern Cape and Free State Provinces (Wallace, 1988), with a prevalence of 
2.4 per cent of CLA in Merino sheep less than one year old and 7.4 per cent in older 
sheep (Nagy, 1971).  During the period 1986 to 1988, 18.7 to 20.3 per cent of 
condemned carcasses at Cato Ridge Abattoir in the KwaZulu-Natal Province 
contained lesions of CLA.  Caseous lymphadenitis was the most important reason for 
carcass condemnation in sheep at South African abattoirs in 1990 and 1991 (Anon., 
1991). 
1.2 Aetiology 
 Corynebacterium  pseudotuberculosis  is a short (0.5 to 0.6 x 1.0 to 3.0 μm), irregular, 
ovoid, Gram-positive rod almost resembling a coccus, and is facultatively anaerobic.  
In smears made from lesions, the organisms show marked pleomorphism, with Chapter 1. Literature review 
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coccoid, bacillary and filamentous forms invariably being present.  They are often 
clumped together and are more numerous in early lesions.  The filamentous forms 
may exhibit a barred or beaded appearance when stained.  Pleomorphism is not as 
marked in cultured organisms.  After 48 hours' incubation at 37°C on blood tryptose 
agar, slow-growing, light cream-coloured colonies are produced, surrounded by a 
narrow zone of β-haemolysis.  The colonies are granular, opaque, and flat with a matt 
surface, do not attach to the medium and can be moved around on the surface of the 
agar (Collins and Cummins, 1986). 
  Although only a single species is recognised, isolates are classified into two 
genetically different biotypes (Barakat et al. 1984; Biberstein et al. 1971; Songer et al. 
1988; Sutherland et al. 1996): a nitrate-negative biotype infecting sheep and goats and a 
nitrate-positive biotype infecting horses (Costa et al. 1998; Muckle and Gyles, 1982; 
Pépin et al. 1989; Sutherland et al. 1993). Isolates from sheep and goats have a higher 
minimum inhibitory concentration for amikacin than isolates from horses and cattle 
(Costa et al. 1998). Both nitrate-negative and nitrate-positive biotypes have been 
isolated from cattle (Barakat et al. 1984; Yeruham et al. 1997). There are no biochemical 
or antigenic differences between ovine and caprine isolates (Batey, 1986c). Under 
natural conditions, no cross species infection occurs with the respective biotypes, 
although human infection with the nitrate-negative biotype has occurred following 
contact with infected sheep (House et al. 1986). At least two toxic factors are produced 
by the organism and these may vary between strains (Pépin et al. 1989). 
  The CLA organism can survive on moist debris on pen floors at room 
temperature for at least ten days (Jansen, 1983) and for several months, or even more 
than a year, on fomites (e.g. hay or bedding), particularly if environmental 
temperatures are low  (Augustine and Renshaw, 1986).  It can also survive in 
organically rich soil for long periods, but it is not known whether it multiplies in soil.  Chapter 1. Literature review 
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Corynebacterium pseudotuberculosis can be isolated from (Robertson, 1980) and survive 
in, commercial sheep-dipping fluids for at least 24 hours (Nairn and Robertson, 1974). 
It may be isolated from the faeces of some sheep (Henton, 1989). The primary habitat 
of C. pseudotuberculosis is probably infected animals (Radostits et al. 2007). 
1.3 Epidemiology 
  Caseous lymphadenitis can be reproduced experimentally in sheep and goats by 
the administration of C. pseudotuberculosis by a number of different routes (Addo, 1979; 
Ashfaq and Campbell, 1980; Brogden et al. 1984a; b; Brown et al. 1985; Burrell, 1978; 
Cameron et al. 1972; Eggleton et al. 1991a; Husband and Watson, 1977; Nagy, 1976; 
Nairn and Robertson, 1974; Pépin et al. 1991b; Sutherland et al. 1987). Guinea-pigs and 
mice are also susceptible and, provided small inocula are used, mice will develop a 
disease which is very similar to CLA (Batey, 1986d; Cameron and Engelbrecht, 1971; 
Cameron and Minnaar, 1969; Muckle and Gyles, 1983; Zaki, 1976). 
  Studies in Japanese sheep flocks (Serikawa et al. 1993) have indicated that most 
spread of CLA occurs shortly after shearing.  Several modes of transmission of 
C. pseudotuberculosis have been suggested as being important in the spread of CLA.  
Corynebacterium pseudotuberculosis can enter its host through cuts in the skin after 
shearing (Bull and Dickinson, 1934; Seddon et al. 1929).  Contamination of the 
environment, including shearing sheds and holding pens, by C. pseudotuberculosis in 
faeces, has been suggested as being important (Seddon et al. 1929).  This led to 
attention being paid to shearing shed hygiene to prevent CLA spread, particularly in 
New Zealand (J. Burrage personal communication).  Alternatively, physical transfer of 
CLA pus from abscesses discharging at shearing, other fomites, in dips or by direct 
contact with other sheep is also a possible important mode of infection (Maki et al. 
1985; Nagy, 1971).  Another study showed that sheep with lung infections might be a Chapter 1. Literature review 
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source of infection (Ellis et al. 1987).  These various infection routes would all require 
different management changes to minimise CLA spread at shearing. 
 By  culturing  C. pseudotuberculosis from the tracheas of sheep with lung abscesses, 
it has been observed that many lung abscesses in sheep discharge into airways 
(Robertson, 1980).  If a small number of sheep become infected by various routes 
before their second shearing, it would take some time for any lung lesions to develop 
sufficiently in these sheep to discharge bacteria into the airways.  When this occurs 
these sheep may be capable of spreading CLA to a large number of sheep at one 
shearing by aerosol contamination of skin cuts on uninfected sheep. 
  The epidemiology of CLA seems to vary between different sheep production 
systems and falls into two broad forms of disease.  In one form, the disease is 
prevalent in adults but much less so in lambs (for example in Australia, South Africa, 
New Zealand and some USA wool producing flocks).  This form of disease appears to 
occur more frequently in extensive production systems.  The other form of disease is 
characterised by a moderate prevalence in lambs and adult sheep with some adults 
showing a chronic wasting disease (for example in Saudi Arabia, Canada, France, 
United Kingdom (UK) and more intensive production systems in the USA).  This form 
of CLA seems more common where sheep are raised intensively or where some 
housing is involved (Paton, 1997). In the UK risks to sheep farming presented by a 
high CLA prevalence in rams of the terminal sire breeds have been identified (Baird 
and Fontaine 2007).  Caseous lymphadenitis occurs more commonly in Merino sheep 
in South Africa, Australia and New Zealand than in other breeds (Carne and Onon, 
1978; Nagy, 1971).  In France, however, some dairy breeds have a higher prevalence 
(Pépin et al. 1988a). 
  In goats, abrasions on the head caused by head-butting, ear-biting and browsing 
may predispose to infection (Batey et al. 1986; Prescott and Muckle, 1986; Timoney et Chapter 1. Literature review 
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al. 1988). Ingestion of infective material has been reported to be a cause of abscess 
development in the mandibular lymph nodes of goats (Ashfaq and Campbell, 1980). 
1.4 Pathogenesis 
 Corynebacterium  pseudotuberculosis is a facultative intracellular parasite; it has the 
capacity to replicate within and ultimately escape from the macrophage 
phagolysosomes  (Hard, 1972; Jolly, 1966; Tashjian and Campbell, 1983; Valli, 1993). 
  At least two factors, a toxic cell-wall lipid and a protoplasmic exotoxin, which is 
a sphingomyelinase-specific phospholipase D (PLD), (Bull and Dickinson, 1935; 
Burrell, 1979; Carne, 1940; Egen, et al. 1989; Songer et al. 1990) play essential roles in 
the development of CLA.  The toxic cell-wall lipid, which is similar to the mycolic wax 
of Mycobacterium tuberculosis, is associated with the virulence of the organism and 
probably protects it from the enzymes of lysosomes, enabling it to survive inside 
phagolysosomes and thus ensuring the chronicity of the infection (Carne et al. 1956; 
Hard, 1969; Jolly, 1966; Prescott and Muckle, 1986; Tashjian and Campbell, 1983). The 
lipid is also pyogenic (Zaki, 1976), but not immunogenic (Carne et al. 1956). Strains of 
C. pseudotuberculosis selected for their greater lipid content produce larger numbers of 
abscesses in mice (Muckle and Gyles, 1983). 
  The PLD exotoxin is also an important virulence factor because a strain with a 
deletion in the PLD gene is unable to produce a persistent infection (Hodgson et al. 
1990; Hodgson et al. 1992). It acts on the sphingomyelin of erythrocyte and endothelial 
cell membranes, causing haemolysis, increased vascular permeability and enhanced 
bacterial invasion (Bernheimer et al. 1985; Brogden and Engen, 1990; Brogden et al. 
1990b; Carne and Onon, 1978; Hsu et al. 1985; Jolly, 1965a; Soucek et al. 1971; 
Sutherland et al. 1989; Zaki, 1976). The sphingomyelinase catalyses the dissociation of 
sphingomyelin into ceramide phosphate and choline (Bernheimer et al. 1980; Soucek et Chapter 1. Literature review 
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al. 1971). It is presumably responsible for the development of "bacterial icterus"; 
intravenous or subcutaneous inoculation of culture material, exotoxin, or fresh,  
incompletely toxoided vaccine may cause dyspnoea, anaemia, icterus and 
haemoglobinuria in sheep and goat kids (Cameron and Minnaar, 1969; Cameron et al. 
1972; Carne, 1939; Hsu et al. 1985; Prescott and Muckle, 1986; Robinson, 1928; 
Robinson, 1929). In addition, the exotoxin can cause dermonecrosis (Carne, 1940; 
Muckle and Gyles, 1986; Souckova and Soucek, 1972), death (Brogden and Engen, 
1990; Carne, 1940; Muckle and Gyles, 1986), synergistic lysis (Bernheimer et al. 1980) 
and inhibition of staphylococcal lysine and induced lysis of erythrocytes (Souckova 
and Soucek, 1972; Zaki, 1976). It activates complement and limits bacterial 
opsonisation (Yozwiak and Songer, 1993). The PLD is approximately 31 kDa in size 
(Linder and Bernheimer, 1978), and has been purified (Egen et al. 1989) and the 
C. pseudotuberculosis PLD gene has been cloned (Hodgson et al. 1990; Songer et al. 
1990). 
  Following their entry through the skin or a mucous membrane, 
C. pseudotuberculosis organisms are transported within macrophages via afferent 
lymphatics to the regional lymph nodes in which lesions may then develop (Ellis, 
1983; Nagy, 1976). Early bacterial dissemination leads to colonisation of other lymph 
nodes and lungs by the haematogenous route (Pépin et al. 1991b). In some animals, 
infection may spread via lymphogenous and haematogenous routes to the lungs and 
other parts of the body in the absence of involvement of lymph nodes regional to the 
portal of entry (Nairn and Robertson, 1974). Lesions at both primary and secondary 
sites may undergo resolution during the early stages of their development (Batey, 
1986c; Valli, 1993). The serum concentrations of haptoglobin, serum amyloid A, and α1 
acid glycoprotein are raised in response to pro-inflammatory cytokines in sheep in an 
experimental model of CLA (Eckersall et al. 2007).  The size and severity of lesions Chapter 1. Literature review 
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depend upon the initial number of organisms entering the tissues of the host, the rate 
of multiplication of the organisms, and the accessibility of the host defence 
mechanisms to the bacteria (Batey, 1986c); they appear to have little relationship to the 
duration of the infection (Nairn and Robertson, 1974). 
  Humoral and cell-mediated immunity to C. pseudotuberculosis play a role in 
protection against the development of lesions (Cameron and Bester, 1984; Cameron 
and Engelbrecht, 1971; Cameron et al. 1972; Ellis, 1988; Husband and Watson, 1977). 
The humoral response is primarily antitoxic, limiting the progression of the disease 
(Egen et al. 1989; Jolly, 1965c; Nairn et al. 1977; Sutherland et al. 1992), whereas 
cell-mediated immunity restricts bacterial proliferation (Brown and Olander, 1987; 
Garg and Chandiramani, 1985; Hodgson et al. 1992; Jolly, 1965b; c). Humoral 
immunity may be ineffective in halting the progression of CLA however, because the 
organisms are intracellular (Ellis et al. 1991a; b). 
  Enzyme linked immunosorbent assay (ELISA) tests have been developed to 
study the humoral response to the immunodominant PLD in experimentally infected 
sheep (Pépin et al. 1988b; Pépin et al. 1991b; Pépin et al. 1993a). Antibodies develop 
from the fifth day following challenge and reach a plateau approximately three weeks 
post-challenge (pi) after which the titre slowly decreases (Pépin et al. 1991b; Pépin et al. 
1993a). 
  The development of pyogranulomas probably plays an important role in 
restricting bacterial dissemination to the local lymph nodes (Pépin et al. 1991a). The 
role of neutrophils appears to be to reduce the number of viable bacteria following 
inoculation, while macrophages are the main effector cells (Pépin et al. 1991a). 
Macrophages play a pivotal role in the formation of the focal granulomas, which have 
a central necrotic core surrounded by a layer mainly composed of activated 
macrophages, then a layer mainly comprising lymphocytes which is surrounded by a Chapter 1. Literature review 
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fibrous capsule (Pépin et al. 1993a). Lymphocyte subpopulations, especially CD4+ and 
CD8+ T cells, are distributed between the macrophage zone and the fibrous capsule 
and their proportions vary according to the age of the lesion (Ellis, 1988; Pépin et al. 
1994; Walker et al. 1991). T-lymphocyte- and macrophage-derived inflammatory and 
fibrogenetic cytokines contribute to the maintenance of central necrosis and the 
stimulation of peripheral scarring (Ellis et al. 1991a; Pépin, 1993). The presence of 
pulmonary intravascular macrophages in sheep may explain the relative tropism of 
C. pseudotuberculosis for the lungs because of their role in the clearance of neutrophils 
containing bacteria (Chitko-McKown and Blecha, 1992; Warner et al. 1986; Warner et al. 
1987). 
  It has been demonstrated that anti-exotoxin immunity can prevent CLA 
(Eggleton et al. 1991b). Well-planned vaccination programs with a toxoid vaccine 
effectively decreases the prevalence of CLA in flocks to a very low level (Paton, 1997). 
1.5 Clinical Signs and Pathology 
  The incubation period for the development of C. pseudotuberculosis abscesses 
ranges from 25 to 140 days (Alonso et al. 1992; Ashfaq and Campbell, 1980).  The 
clinical signs manifested depend upon the site and extent of the lesions. 
  Generally, CLA in sheep and goats does not cause obvious clinical signs unless 
the lesions are progressive, very large or numerous, or are located where they can be 
clinically detected or where their presence compromises the normal function of an 
organ or tissue.  Animals which are clinically normal may have large (up to 150 mm or 
more in diameter) internal abscesses which are only detected at necropsy.  Sheep or 
goats suffering from large or numerous active lesions may show progressive weight 
loss, weakness, and terminal collapse, these signs being accompanied by dyspnoea 
and coughing if there is lung involvement. (Jowett, 1909; Ayres, 1977; Paton, 1997). Chapter 1. Literature review 
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  In sheep, the dorsal superficial cervical (prescapular) and subiliac (prefemoral) 
are the most commonly affected superficial lymph nodes (Ayers, 1977; Jowett, 1909; 
Nagy, 1971), although those of the head and neck and those draining the buccal cavity 
are also often involved (Menzies and Muckle, 1989). Initially, affected lymph nodes are 
enlarged (40 to 50 mm in diameter), soft or doughy on palpation and if superficially 
located, the skin that covers them may be thin and hairless.  A tenacious, thick, 
semifluid to inspissated, yellowish-white to greenish-white pus may be discharged 
should the abscess rupture which, in some, will result in the formation of persistently 
draining fistulae.  The content of more long-standing abscesses is usually severely 
inspissated and will have lost the greenish colour (Ayers, 1977; Renshaw et al. 1979; 
Valli, 1993). Most abscesses are enveloped by well-developed connective tissue 
capsules and, although not evident in all cases, successive necrosis and redevelopment 
of the capsule impart a concentrically lamellated ("onion ring") pattern to the 
inspissated contents — a characteristic of the lesion that becomes particularly 
prominent when the layers become partially mineralised (Valli, 1993). There is 
generally no evidence of infection at the site of entry of C. pseudotuberculosis. 
  Of the internal organs, the bronchial and mediastinal lymph nodes and lungs are 
most frequently involved.  Single or multiple abscesses of varying size, but which may 
become quite large, or caseopurulent bronchopneumonia, which in some animals can 
be extensive, may be found in the lungs, frequently in the absence of lesions elsewhere 
(Jowett, 1909; Renshaw et al. 1979; Stoops et al. 1984).  If an abscess or 
bronchopneumonic lesion abuts on the pleura, localised fibrinous or fibrous pleural 
adhesions generally develop (Renshaw et al. 1979; Valli, 1993).  Lung abscesses may 
rupture into airways (Stoops et al. 1984).  The pulmonary lesions are often 
accompanied by lesions in the bronchial or mediastinal lymph nodes.  Abscesses in the 
mediastinal lymph nodes, however, often occur in the absence of lung abscesses.  Chapter 1. Literature review 
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Large abscesses in these lymph nodes may cause pressure on, and partial occlusion of, 
the oesophagus, resulting in interference with deglutition and eructation, and loss of 
weight (Valli, 1993). 
 Corynebacterium  pseudotuberculosis  infections are occasionally the cause of a 
variety of other conditions in sheep, including abscesses in the liver, kidneys, spleen, 
brain, spinal cord, vertebral bodies, eyes, diaphragm, skeletal muscles, heart, tongue, 
mammary gland, testes, bones and joints (Davis, 1990; Hulland, 1993; Kennedy and 
Miller, 1993; Maddy, 1953; Maxie, 1993; Palmer, 1993; Radostits et al. 2007; Renshaw 
et al. 1979; Valli, 1993); reproductive disorders (such as abortion, stillbirth, and 
neonatal infection) in ewes (Addo, 1979; Alonso et al. 1992; Dennis and Bamford, 1966); 
suppurative orchitis in rams (Ladds, 1993; Williamson and Nairn, 1980); mastitis in 
ewes; arthritis and bursitis (Radostits et al. 2007) and rapid death due to toxaemia in 
(experimentally inoculated) neonatal lambs and kids (Hsu et al. 1985).  Corynebacterium 
pseudotuberculosis has been isolated from the preputial cavity and from the accessory 
sex organs and epididymes of clinically normal rams (Jansen, 1983). 
  In a survey of sheep slaughtered in the USA (Maddy, 1953), the frequency of 
CLA lesions was as follows: bronchial lymph nodes (89 per cent), mediastinal lymph 
nodes (81 per cent), lungs (76 per cent), prescapular lymph nodes (24 per cent), 
prefemoral lymph nodes (15 per cent), hepatic lymph nodes (14 per cent), liver (12 per 
cent), superficial inguinal or supramammary lymph nodes (nine per cent), castrated 
scrotum (eight per cent), mammary gland (six per cent), kidney (five per cent), spleen 
and muscle (each four per cent) and popliteal lymph nodes (two per cent). 
  Prior to the development of improved vaccines, several outbreaks of haemolytic 
anaemia and icterus occurred after sheep had been vaccinated against 
C. pseudotuberculosis.  These outbreaks of "bacterial icterus" were associated with high Chapter 1. Literature review 
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mortality, and a high proportion of icteric carcasses were found in those sheep which 
were sent to slaughter (Cameron and Minnaar, 1969; Cameron et al. 1972). 
  In goats, lung lesions are uncommon.  Suppurative lesions or abscesses of the 
subcutaneous tissues and lymph nodes of the head are more common, and often more 
severe than in sheep.  This is probably because of the combative behaviour of goats 
and because of injuries by ticks or thorns to the facial skin or buccal mucosa (Ashfaq 
and Campbell, 1979; Ayers, 1977; Batey et al. 1986; Gezon et al. 1991; Lloyd et al. 1990;  
Menzies and Muckle, 1989; Valli, 1993). In South Africa however, CLA and lung 
abscesses are quite common in Angora goats (Van Tonder, 1975). Abscesses caused by 
C. pseudotuberculosis in goats usually develop slowly, are encapsulated, and contain 
odourless, yellowish-white or greenish-white pus which is pasty, dry and inspissated 
or semifluid and viscous (Ashfaq and Campbell, 1980; Batey et al. 1986; Burrell, 1981; 
Gezon et al. 1991; Lindsay and Lloyd, 1991; Lloyd et al. 1990; Santa Rosa et al. 1989). 
Inspissation, calcification and the "onion-ring" appearance, so typical of CLA in sheep, 
are rarely encountered in goats (Batey et al. 1986).  Rupture of superficial lymph node 
abscesses frequently results in fistulae to the exterior (Valli, 1993). 
  Histologically, the earliest inflammatory changes in the lymph nodes of sheep 
and goats comprise multiple micro-abscesses and a massive infiltration of neutrophils 
and, to some extent, eosinophils.  The latter impart a greenish tinge to the pus  (Valli, 
1993).  As the abscesses enlarge they may coalesce, the pus being encompassed by an 
inflammatory reaction consisting of neutrophils, macrophages, epithelioid cells and 
lymphocytes (Pépin et al. 1991a). They soon become encapsulated by connective tissue 
but they continue to enlarge as a result of necrosis of the peripheral tissues and 
reformation of the capsule.  The successive layers of necrotic tissue which develop as 
the lesion expands undergo dystrophic mineralisation which is responsible for the 
macroscopic lamellated appearance of some lesions.  Eventually an entire lymph node Chapter 1. Literature review 
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may be greatly enlarged (to several times its normal dimensions) and consist only of 
necrotic debris surrounded by a fibrous connective tissue capsule infiltrated by 
epithelioid cells, macrophages, lymphocytes, and occasional plasma cells and 
neutrophils (Brogden et al. 1984b; Ellis, 1988; Holstad and Teige, 1988; Holstad et al. 
1989). Gram-positive bacteria are frequently discernible at the periphery of the 
necrotic tissue (Brown et al. 1985; Ellis, 1983; Jowett, 1909).  In the lungs, abscesses 
compress the adjacent parenchyma, which is infiltrated by inflammatory cells and 
shows a varying degree of interstitial fibrosis (Ellis, 1988). Changes in and around the 
bronchial tree include a mild to moderate peribronchiolar lymphoid cuffing and 
fibrosis, and hyperplasia of bronchiolar epithelial cells (Ellis, 1988).  Lesions may be 
accompanied by a neutrophilia. 
  Infection of horses with C. pseudotuberculosis is rare but conditions such as 
ulcerative lymphangitis (Benham et al. 1962; Pascoe, 1984), folliculitis and furunculosis 
("contagious acne") (Heffner et al. 1988; Pascoe, 1984), acute or chronic abscesses of the 
pectoral ("pigeon fever") and ventral abdominal regions (Hughes and Biberstein, 1959; 
Miers and Ley, 1980; Timoney et al. 1988; Wisecup et al. 1964) and, more rarely, 
mastitis (Addo et al. 1974), and a generalised form with visceral abscessation (Hughes 
et al. 1962), are associated with this organism. 
  Ulcerative lymphangitis in horses, and more rarely in mules and donkeys, is a 
chronic contagious disease characterised by inflammation of subcutaneous lymphatic 
vessels, resulting in abscess formation and ulceration along their course.  It may occur 
in outbreak form and spread rapidly, particularly where animals are congregated in 
large numbers under unhygienic conditions.  Transmission from animal to animal by 
contaminated grooming utensils or other means may also occur.  Corynebacterium 
pseudotuberculosis gains entrance to the tissues through wounds and abrasions of the 
skin, particularly of the extremities.  The lesions occur most frequently in the skin of a Chapter 1. Literature review 
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hind limb between the fetlock and hock joints (Carne, 1939; Radostits et al. 2007; 
Robinson and Maxie, 1993; Timoney et al. 1988).  Clinically, the disease has a sudden 
onset and is characterised initially by pain, oedema and increase in temperature of the 
affected part.  Later, abscesses form along the course of lymphatic vessels, and may 
rupture externally to discharge thick, greenish-yellow, blood-tinged pus, before 
developing into granulating ulcers.  These may heal in one to two weeks, leaving areas 
of depilated, depigmented skin, after which new abscesses and ulcers form.  There is a 
cord-like thickening of associated lymphatics  (Radostits et al. 2007; Robinson and 
Maxie, 1993; Timoney et al. 1988).  Before bursting, the abscesses may be up to about 
30 mm in diameter.  The regional lymph nodes are usually not affected.  Lesions in 
untreated cases may persist for many months and may eventually progress to a stage 
where euthanasia of the animal has to be considered.  Foals may be severely affected 
and die (Carne, 1939; Pascoe, 1984; Robinson and Maxie, 1993). 
  "Contagious acne" is spread when contaminated blankets, grooming equipment 
or saddles and harnesses are used (Radostits et al. 2007).  Non-pruritic papules and 
pustules, which may be painful on palpation, are usually found in areas where the 
skin comes into contact with a saddle or harness.  The pustules contain greenish pus  
Radostits et al. 2007). 
  Abscesses due to C. pseudotuberculosis infections of the pectoral and ventral 
abdominal regions in horses result from contamination of superficial skin wounds.  
Their presence has also been correlated with seasonal increases of biting insects in 
California and Texas (Hughes et al. 1962; Miers and Ley, 1980; Welsh, 1990). These 
abscesses eventually rupture to liberate a viscid, odourless and cream to light 
tan-coloured pus (Davis, 1990; Hughes and Biberstein, 1959; Hughes et al. 1962; 
Wisecup et al. 1964). Other clinical signs include fever, ventral oedema, pain on Chapter 1. Literature review 
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palpation and lameness (Miers and Ley, 1980) and, when the viscera are involved, 
depression and emaciation (Hughes et al. 1962). 
  In cattle, ulcerative lymphangitis occurs rarely but there have been reports of 
outbreaks in Kenya (Kariuka and Poulton, 1982; Neave, 1951; Purchase, 1944), 
Denmark (Riising and Hesselholt, 1973), southern California (Davis, 1990) and a 
severe outbreak in Israel (Shpigel et al. 1993; Yeruham et al. 1997).  The cutaneous 
disease in cattle resembles that in horses, but initial lesions tend to develop on the 
neck or trunk rather than on the legs, and regional lymph nodes become progressively 
suppurative. Subcutaneous abscesses, which may be deep, eventually rupture leaving 
large (up to 200 mm in diameter) granulating ulcers which heal with or without 
treatment (Davis, 1990; Shpigel et al. 1993; Yeruham et al. 1997). The pus in these 
abscesses is greyish-yellow, semi-liquid and lardaceous (Kariuka and Poulton, 1982; 
Neave, 1951; Purchase, 1944; Robinson and Maxie, 1993). In the Israeli outbreak, which 
affected dairy cattle only, subclinical to severe clinical mastitis was also recorded, as 
was abscessation of the upper and lower respiratory tract and/or mediastinal lymph 
nodes (Shpigel et al. 1993). The disease showed a marked seasonality and houseflies 
possibly played a role in the spread of the infection (Yeruham et al. 1996). 
1.6 Diagnosis 
  A presumptive diagnosis of CLA can be made on the history, clinical 
examination of superficially located abscesses, and the characteristic greenish-yellow, 
inspissated exudate they contain, which may have a lamellated appearance on the cut 
surface (Nairn and Robertson, 1974). 
  Confirmation of infection with C. pseudotuberculosis requires bacterial culture 
and identification.  Specimens of the content of abscesses for bacteriological 
examination should preferably be collected aseptically from the edge of the abscesses 
and can be obtained in an exposed lesion by light curettage of the capsular surface.  Chapter 1. Literature review 
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Some specimens may yield no growth, especially when specimens of the exudate have 
been collected from the centre of an abscess, or from inspissated pus. 
  Histopathological examination of biopsy specimens can be a useful tool in the 
confirmation of the diagnosis of ulcerative lymphangitis in horses or cattle. 
  Numerous serological tests, including ELISAs, have been developed for the 
detection of antibodies against C. pseudotuberculosis exotoxin and cell-wall antigens 
(Brown et al. 1985; Brown et al. 1986; Burrell, 1980a; b; Cameron et al. 1972; Chikamatsu 
et al. 1989; Ellis et al. 1990; Ellis et al. 1987; Knight, 1978; Kuria and Holstad, 1989a; b; 
Maki et al. 1985; Menzies and Muckle, 1989; Menzies et al. 1994; Pépin et al. 1988b; 
Sutherland et al. 1992; Zaki, 1968). None of the tests is available commercially 
(Radostits et al. 2007). Results of serological tests are often difficult to interpret, 
especially for carrier adult animals or young animals where infection with 
C. pseudotuberculosis is not always associated with a significant antibody response. In 
horses, for example, animals which have had large abscesses lanced frequently have 
low or zero titres (Davis, 1990). Another difficulty arises from the persistence of 
antibodies in animals which have been in contact with C. pseudotuberculosis and have 
eliminated it thereby producing false positive reactions.  In addition, the sensitivity 
and specificity of most of these tests are relatively low (Middleton et al. 1991) and there 
is no significant relationship between the extent of the lesions and antibody titre (Ellis 
et al. 1990). Also, cross-reactions with Mycobacterium paratuberculosis may occur 
(Menzies and Muckle, 1989; Pépin et al. 1987). Despite this, some authors have used 
serological tests when implementing measures to prevent the spread of CLA in their 
country (Ter Laak et al. 1992). The use of the ELISA as a tool in the eradication of CLA 
in goat herds in the Netherlands has been successful (Dercksen et al. 1996).  The use of 
this test in sheep is less successful, but it is useful as a flock test or research tool where 
the sheep's ELISA test history is known (Paton et al. 1995).  Recently an Chapter 1. Literature review 
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interferon-gamma (IFN- γ) test for goats has been developed in Brazil which in newly 
infected goats may provide a specific marker of CLA status (Paule et al. 2003).  
Menzies et al. (2004) found that the IFN-gamma test used in experimentally infected 
goats had a sensitivity of 89.2 per cent and a specificity of 97.1 per cent.  The toxin 
ELISA showed a sensitivity of 81.0 per cent and a specificity of 97.0 per cent in the 
same experimentally infected goats.  The toxin ELISA was, however, more predictive 
than the IFN-gamma for the presence of lesions observed at post mortem examination 
of infected goats. 
1.7 Differential Diagnosis 
  Caseous lymphadenitis in sheep and goats should be differentiated from pyo- or 
necrogranulomatous lesions found in diseases such as Actinobacillosis, Tuberculosis 
and Melioidosis (caused by Burkholderia pseudomallei) (Ellis, 1983; Jowett, 1909; Valli, 
1993) and from abscessation caused by Arcanobacterium pyogenes (Gezon et al. 1991), or 
Pasteurella multocida (Radostits et al. 2007). Injection site reactions, sebaceous gland 
cysts (Davis, 1990) and epidermal inclusion cysts in sheep and goats (Collett, 1999) can 
sometimes be confused with lesions of CLA. 
  In parts of Europe, CLA and another similar condition, Morel's disease, are often 
grouped together and called "abscess disease" (Richard et al. 1979). Morel's disease is 
caused by Staphylococcus aureus subsp. anaerobius and is characterised by abscesses in 
superficial lymph nodes, subcutaneous tissue and sometimes between muscles.  It 
differs from CLA in that it affects young animals and disappears from the adult flock.  
(Bajmocy et al. 1984; Boukerrou et al. 1985; De la Fuente et al. 1985). 
  Wasting due to visceral CLA may resemble chronic parasitism (Ellis, 1983), 
emaciation due to abnormal dental wear, alveolar periodontitis, malnutrition, and 
chronic diseases such as Jaagsiekte (Tustin, 1969), Maedi (Sherman, 1983), or Johne’s 
disease (Davis, 1990).  Secondary pneumonic lesions due to C. pseudotuberculosis (as Chapter 1. Literature review 
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well as A. pyogenes or Pasteurella spp.) may obscure those of Jaagsiekte (Jowett, 1909; 
Tustin, 1969).  In rams, orchitis or epididymitis caused by C. pseudotuberculosis should 
be differentiated from similar lesions caused by Brucella ovis, Gram-negative 
pleomorphic organisms (such as Actinobacillus seminis, Histophilus ovis, and Pasteurella 
spp.), spermatic granulomas and other conditions. 
  The haemolytic and icteric syndromes in sheep may be confused with other 
conditions associated with haemolysis and/or icterus.  Outbreaks of a form of 
bacterial icterus in sheep caused by a Gram-negative bacterium which has never been 
positively identified were encountered in the early 1960s in South Africa (Tustin et al. 
1960).  A disease with icterus was experimentally produced in some of the sheep 
inoculated with the organism. 
  Ulcerative lymphangitis caused by C. pseudotuberculosis in horses should be 
differentiated from similar lesions caused by Histoplasma farciminosum (the cause of 
"epizootic lymphangitis"), Sporothrix schenkii, Rhodococcus equi, and Burkholderia 
(Pseudomonas) mallei (the skin form of glanders, also known as "farcy").  Ulcerative 
lymphangitis in cattle can also be caused by Rhodococcus equi (Neave, 1951) and 
Nocardia farcinica (Yager and Scott, 1993). 
  The crusting, purulent or alopecic skin lesions of "contagious acne" in horses 
should be differentiated from lesions associated with dermatophytoses, 
dermatophilosis, onchocerciasis, bacterial pyoderma, and lesions caused by insect 
bites (e.g. Culicoides spp.)  (Heffner et al. 1988).  Streptococcus equi is the most common 
cause of abscesses in the muscles of horses, and should not be confused with those 
caused by C. pseudotuberculosis (Hulland, 1993) and staphylococci ("breast boil").  Other 
causes of internal abdominal abscesses in horses are S. equi and Streptococcus 
zooepidemicus (Rumbaugh et al. 1978).  Abscesses in the pectoral region should be 
distinguished from seromas and haematomas due to trauma (Davis, 1990). Chapter 1. Literature review 
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1.8 Treatment  
  Since affected animals serve as reservoirs of infection, the most practical method 
of control of CLA in sheep or goat flocks, apart from the use of an effective vaccine, is 
to cull all animals that have palpable lesions (Jowett, 1909; Renshaw et al. 1979). In 
woolled sheep these affected animals are best detected at shearing.  Treatment of 
sheep and goats suffering from CLA of the peripheral lymph nodes is usually neither 
economically justifiable nor prudent (Ellis, 1983). However, superficially located 
abscesses in valuable breeding stock can be lanced or removed surgically (Davis, 
1990). Abscesses frequently recur, especially in sheep and goats, and the infection 
repeats itself throughout the life of the animal (Davis, 1990). If the abscess cannot be 
precisely located or is in a position that is unfavourable for surgery, a prolonged 
course of antimicrobial treatment using lipophilic drugs, such as one of the 
macrolides, at high dosage rates may be effective. Despite the in vitro sensitivity of 
C. pseudotuberculosis to penicillin, tetracyclines and cephalosporins  (Judson and 
Songer, 1991; Zhao et al. 1991), the use of these drugs is generally ineffective because 
their ability to diffuse through the capsule of abscesses is poor and because the 
bacteria are located intracellularly (Ashfaq and Campbell, 1979; Gezon et al. 1991). 
  In horses, applications of hot-packs, surgical lancing, and flushing with 
antiseptics may be attempted for the treatment of abscesses (Davis, 1990; Hughes and 
Biberstein 1959; Miers and Ley, 1980).  Equine isolates of C. pseudotuberculosis are 
sensitive to penicillin G, ampicillin, chloramphenicol, oxytetracyclines and 
trimethoprim-sulphadoxine (Addo et al. 1974; Welsh, 1990).  In valuable horses with 
deep-seated or internal abscesses, the following treatments, which may have to be 
continued for a minimum of six weeks, can be attempted: intramuscular procaine 
penicillin G (20,000 to 50,000 units/kg body weight/day, divided and administered 
twice daily); intravenous trimethoprim (40 mg/mL) and sulphadoxine (200 mg/mL) Chapter 1. Literature review 
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combination at 1 mL/15 kg daily; intravenous erythromycin (4 to 15 mg/kg twice 
daily); or oral rifampin (2.5 to 5 mg/kg twice daily) (since resistance to the latter drug 
develops rapidly, penicillin, erythromycin or sulphatrimethoprim should be given 
concurrently) (Davis, 1990; Pascoe, 1984).  Autogenous bacterins have been used with 
some success but injection site granulomas and associated pain are disadvantages 
(Davis, 1990). Ulcerative lymphangitis and "contagious acne" can be treated with the 
same drugs. Ulcers, however, should also be treated daily with topical iodophors 
(Heffner et al. 1988; Pascoe, 1984).  Grooming equipment, blankets and saddles or 
harnesses should be frequently disinfected (Radostits et al. 2007). 
  1.9 Control  
Several vaccines have been developed to protect sheep and goats against CLA.  A 
specific diagnosis is essential prior to vaccination.  Toxoid vaccines produced in 
Australia (Eggleton et al. 1991a; b; c; Paton et al. 1988) have provided good protection 
against C. pseudotuberculosis infections while inactivated cell-wall or whole-cell 
(bacterin) vaccines in the USA afforded variable protection (Brogden et al. 1984b; 
Menzies et al. 1991) and reduced the number of abscesses in vaccinated sheep (Pépin et 
al. 1994). In South Africa, inactivated whole-cell vaccines, with an aluminium 
hydroxide adjuvant containing saponin and devoid of exotoxin, have provided better 
protection in sheep than early toxoid vaccines (Cameron and Bester, 1984). While the 
inclusion of levamisole in C. pseudotuberculosis vaccines appears to have no 
potentiating effect on immunity (Cameron, 1977; Holstad et al. 1989), the use of a 
mycobacterial component (muramyl dipeptide) as adjuvant has proved beneficial 
(Brogden et al. 1990a). Live vaccines are no better than inactivated vaccines and the 
local reaction they cause at the injection site is unacceptable (Cameron and Bester, 
1984; Menzies, et al. 1991). The antigenic purity of many of the early toxoid vaccines Chapter 1. Literature review 
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has been questioned, as numerous other soluble antigens are present in vaccines made 
from C. pseudotuberculosis culture filtrates (Ellis et al. 1991a; b; Muckle et al. 1992). 
  Carefully planned vaccination has been evaluated in a controlled pen trial, in 
sheep flocks run on research establishments and in commercial sheep flocks.  In 
controlled experiments, the incidence of CLA infection during the period of the 
experiment decreased from 95 per cent in controls to five per cent in vaccinates (Paton, 
1997).  In five research station flocks the prevalence of CLA decreased from 44 per cent 
to one per cent in ten years (Paton, 1997). 
  Some vaccination studies have made the mistake of using serology (regardless of 
the type of test) to measure protection provided by a vaccine (Stanford et al. 1998).  
The complexity of the immune response to C. pseudotuberculosis makes it difficult to 
draw conclusions about the level of protection from one type of immunological 
response (Paton, 1999). 
  In South Africa, three C. pseudotuberculosis vaccines have been available: one 
produced by Onderstepoort Biological Products, as well as a multivalent 
C. pseudotuberculosis/Clostridium perfringens type D/Cl. tetani toxoid mixture 
("Glanvac", Pfizer) and a multivalent anthelmintic-Clostridium-C. pseudotuberculosis 
combination ("Cydectin Eewguard", Fort Dodge, Bayer).  To ensure adequate 
protection, it is recommended by the manufacturers that lambs should receive a 
primary vaccination at about 12 weeks of age, at the stage when maternally derived 
(colostral) immunity has waned (Alonso et al. 1992).  A second injection should be 
given four to six weeks later followed by annual boosters.  For optimal results, 
boosters should be given two weeks before shearing.  If the prevalence of CLA in 
lambs is very low then vaccination at six and 12 weeks will provide a good foundation 
for boosting immunity in adults.  Vaccination causes a transient local swelling. Chapter 1. Literature review 
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  Despite the limitations of most of the serological tests, they are of value in 
countries — such as those in north-west Europe — where CLA in sheep and goats is 
rare or absent and where relaxation of border controls (as a result of the establishment 
of the European Community) may lead to less stringent control of animal movements 
(Meldrum, 1990; Schreuder, et al. 1989; Ter Laak et al. 1992). For example, the disease 
appears to be more common in goats in some parts of Europe but is not present in 
others (Holstad, 1989), and the importation in 1987 of infected goats into the UK, 
which had previously been free of CLA, emphasises the importance of 
pre-importation serological screening (Gilmour, 1990). A test and slaughter program 
using a double-antibody sandwich ELISA has proved successful in the eradication of 
CLA in goat herds and sheep flocks in the Netherlands (Dercksen et al. 1996; 
Schreuder et al. 1994).  An experimental combined vaccine developed in the UK has 
succeeded in providing absolute protection against infection, whereby challenge 
bacteria were eradicated from all vaccinates (Fontaine et al. 2006). 
  The nature of CLA is of an insidious disease that is difficult to investigate and 
control.  The research done on vaccine development and epidemiology in Australia 
has led to significant advances in the understanding and control of CLA.  However, 
because of the non-clinical nature of CLA in most Australian sheep, the greatest 
challenge for the sheep industry is to convince farmers that they have a problem worth 
dealing with.  The research done into CLA immunopathology in France has made 
major advances in the understanding of the behaviour of the sheep immune system in 
response to C. pseudotuberculosis.  In the future, this may lead to improved tests and 
vaccines to fight this organism. 
  In Africa, the UK, the Netherlands, Canada, France, the USA, the Middle East 
and Scandinavia, researchers and field veterinarians are dealing with outbreaks of 
CLA in sheep, goats and other species.  In these flocks or herds, the production Chapter 1. Literature review 
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systems are vastly different from those in Australian sheep so the epidemiology of 
CLA can be expected to have some differences.  The challenges for those dealing with 
this disease are to learn from the methods or findings of the research done thus far and 
apply it to assist in solving the complex problems that C. pseudotuberculosis infection 
causes in their production systems. Chapter 2. Evaluation of an enzyme-linked immunosorbent assay for the detection  
of Corynebacterium pseudotuberculosis infection in sheep 
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CHAPTER 2 
Evaluation of an enzyme‐linked immunosorbent assay for 
the detection of Corynebacterium pseudotuberculosis 
infection in sheep 
The following is a modified version of the published paper: S.S. Sutherland, T.M. Ellis, 
A.R. Mercy, M. Paton and H. Middleton (1987) Australian Veterinary Journal 64: 263–266. 
The author of this thesis was one of the authors and contributed to sample and data collection, 
data analysis and the writing of the paper.  It is included in this thesis to give a clear 
understanding of the scientific justification for the use of this most valuable tool in the research 
in the following chapters. 
2.1 Introduction 
  Measures for the control of CLA in sheep practised in Australia include 
vaccination with a toxoid of C. pseudotuberculosis and management practices at 
shearing time.  Knowledge to improve vaccination programs or other methods of 
decreasing the prevalence of CLA in sheep flocks could come from an enhanced 
understanding of the epidemiology of CLA.  Knowledge of the prevalence of CLA in 
flocks is limited to that measured in abattoirs in lambs and culled ewes.  Any program 
to improve understanding of the epidemiology of CLA in flocks would need some 
method of monitoring disease spread, such as an accurate serological test adaptable to 
large scale testing.  The commonly used serological tests are based on the detection of 
antibodies to the exotoxin of C. pseudotuberculosis and include antihaemolysin 
inhibition (Zaki, 1968), indirect haemagglutination (Shigidi, 1978), haemolysis 
inhibition test and immunodiffusion (Burrell, 1980 a; b).  These tests have not proven 
completely satisfactory in terms of sensitivity and specificity (Shigidi, 1979, Robertson, Chapter 2. Evaluation of an enzyme-linked immunosorbent assay for the detection  
of Corynebacterium pseudotuberculosis infection in sheep 
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1980).  More recently an enzyme-linked immuno-sorbent assay (ELISA), measuring 
antibody to cell wall antigen in goats and sheep artificially infected with 
C. pseudotuberculosis, has been reported (Shen et al. 1982), (Maki et al. 1985). 
  An evaluation of a cell wall ELISA and a toxin ELISA for detecting 
C. pseudotuberculosis infection in naturally and experimentally challenged sheep under 
field conditions could determine whether these tests would be useful to detect CLA 
spread and thus be useful in studies on the epidemiology of CLA epidemiology. 
2.2 Materials and Methods 
  Studies were carried out on sera from six separate groups of sheep, two from 
naturally infected sheep slaughtered at local abattoirs, one from a naturally infected 
flock which was slaughtered as part of a controlled field trial and three from sheep 
slaughtered four or 12 months after artificial challenge with C. pseudotuberculosis.  All 
sera were tested by ELISA to measure antibody to the cell wall antigen (C-ELISA) and 
toxin antigen (T-ELISA) of C. pseudotuberculosis. 
  Study 1 and Study 2 — 100 and 102 sera respectively were collected at random in 
an abattoir on two occasions seven months apart from sheep exposed to natural 
infection with C. pseudotuberculosis.  In both studies, the lung and all major lymph 
nodes and organs were examined for the presence of CLA.  In study 2, samples were 
taken for culture from all cases of CLA to confirm the presence of C. pseudotuberculosis. 
 Study  3  — Sera from 115 six-year-old Merino ewes from a flock with a 
prevalence of CLA known to be between 40 and 80 per cent were collected at 
slaughter.  The sheep were part of a study evaluating the effect of vaccination against 
CLA on wool production and lesion size in adult sheep (Paton and Mercy 
unpublished).  Fifty-five of the 115 sheep were vaccinated 14 months prior to slaughter 
with two x 2 mL doses of vaccine four weeks apart. Chapter 2. Evaluation of an enzyme-linked immunosorbent assay for the detection  
of Corynebacterium pseudotuberculosis infection in sheep 
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 Study  4 — Sera from 175 Merino wether hoggets were collected at slaughter as 
part of a study evaluating the effect of CLA on wool production and bodyweight gain 
in young sheep (Paton and Mercy unpublished).  Sixty of the sheep (Group 1) were 
vaccinated with two  x 2 mL doses of vaccine four  weeks apart, and challenged with 
C. pseudotuberculosis as described by Robertson (1980) two to three  weeks after the 
second vaccination, 51 (Group 2) were not vaccinated but challenged as for Group 1 
and 58 (Group 3) were neither vaccinated nor challenged.  The sheep were slaughtered 
12 months after challenge. 
 Study  5— One hundred and twenty three sheep were divided into three groups.  
Group 1 (20 sheep) was not vaccinated.  Group 2 (70 sheep) was vaccinated with two 
doses of vaccine four weeks apart and Group 3 (33 sheep) was vaccinated with three 
doses of vaccine, each four weeks apart.  All sheep were challenged with 
C. pseudotuberculosis as described for study 4 and slaughtered four months after 
challenge. 
 Study  6— Two hundred and seventy one lambs were divided into three groups.  
Group 1 (91 sheep) was vaccinated at four to 18 days of age with vaccine and again at 
seven to eight weeks.  Group 2 (110 sheep) was vaccinated at seven to eight weeks and 
again at 13 to 14 weeks.  Group 3 (70 sheep) was not vaccinated.  All sheep were 
challenged at 18 weeks of age with C. pseudotuberculosis (as described for study 4) and 
slaughtered four months later. 
2.2.1 Enzyme Immounoassay 
  C-ELISA — The antigen was prepared by a modification of the method of (Shen 
et al. 1982) from heat killed C. pseudotuberculosis cells.  The antigen was prepared as 
follows:  The cells were suspended in 0.05 M phosphate buffer (pH 8.0) and disrupted 
in a homogeniser at 8000 rpm for 12 min.  After three  washes in 0.1 M phosphate 
buffer the residual protoplasm and ribonucleic acid in the sediment was removed by Chapter 2. Evaluation of an enzyme-linked immunosorbent assay for the detection  
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treatment with trypsin and ribonuclease-A.  The preparation was then washed with 
distilled water until no protein was detectable in the washing by a spectrophotometer 
at optical densities of 280 nm and 254 nm.  On electron microscopic examination the 
antigen was a homogenous preparation of collapsed cell walls. 
  The ELISA was carried out in polystyrene flat-bottomed microtitre plate as 
described by Sutherland et al. (1987) using peroxidase conjugated anti-goat 
immunoglobulin as the conjugate and 5-amino salicylic acid ((5-AS) pl 6.0, 0.8 mg/mL 
with 20 µ/mL 0.1 M H2O2 added immediately before use) as the substrate.  Optimal 
antigen, serum and conjugate dilutions were determined by checkerboard titrations 
using known positive and negative sheep serum samples.  Results were standardised 
on each plate by inclusion of duplicate 1:100 to 1:3200 dilutions of a positive control 
serum.  A negative control serum at 1:100 dilution was tested in quadruplicate on each 
plate.  Only those plates where the optical density of the positive control serum 
dilutions fitted a normal curve were considered as valid. 
  The results generated by the ELISA were converted to antibody activity units. 
  The number of antibody activity units for each serum was determined by the 
formula A2/A1 x 100 where A1 and A2 are the absorbance at 450 nm of the control 
(Al) and test serum (A2).  Sera giving ≥ 30 antibody activity units were regarded as 
positive and those giving < 30 were regarded as negative. 
  T-ELISA — This ELISA test was performed as described for the cell wall ELISA 
except the exotoxin of C. pseudotuberculosis was the antigen used to coat the microtitre 
plates. Chapter 2. Evaluation of an enzyme-linked immunosorbent assay for the detection  
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2.3 Results 
2.3.1 Comparison of ELISA with Presence of CLA Lesions 
  C-ELISA and T-ELISA results for naturally infected and for uninfected sheep in 
studies 1, 2 and 3 are shown in Table 2.1.  In this table values for sensitivity and 
specificity for the tests according to the method of Cochrane and Holland (1971) are 
also displayed.  The mean sensitivity and specificity of the C-ELISA for studies 1, 2 
and 3 was 76 (95% CI 69–82) per cent and 73 (95% CI 65–79) per cent respectively and 
for the T-ELISA 67 (95% CI 59–74) per cent and 77 (95% CI 71–84) per cent 
respectively. 
  In study 1, 49 sheep had CLA lesions and 34 of these had lung lesions whereas 
42 sheep in study 2 had CLA lesions and 26 of them had lung lesions. 
  In study 2, six sheep with CLA lesions were negative by both the C-ELISA and 
T-ELISA (Table 2.1).  Four of the six had non suppurating lesions in the subiliac 
(prefemoral) or superficial cervical (prescapular) lymph nodes and one had a single 
skin lesion.  The location of lesions in the remaining sheep was not recorded.  Twelve 
of the 19 sheep with no detectable CLA lesions but positive by the C-ELISA test 
(Table 2.1) gave ELISA results of < 60 antibody activity units. Chapter 2. Evaluation of an enzyme-linked immunosorbent assay for the detection  
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Table 2.1.  Comparison of the number of CLA lesions present with the results of C-ELISA 
and T-ELISA for C. pseudotuberculosis in three naturally infected groups of sheep at 
slaughter 
Study 1 
(100 sheep) 
Study 2 
(102 sheep) 
Study 3 
(115 sheep)  ELISA test 
and 
result 
49 
with 
lesions 
51 
without 
lesions 
42 
with 
lesions 
60 
without 
lesions 
71 
with 
lesions 
44 
without 
lesions 
C-ELISA  + 39 19 36 19 48  5 
- 10 
80% 
 (68, 91)† 
32 
63% 
 (50, 76)‡ 
6 
86% 
(75, 96)† 
41 
68% 
(57, 80)‡ 
23* 
68% 
(57, 79)† 
39 
89% 
(79, 98)‡ 
T-ELISA  + 33 15 29  7  46 13 
- 16 
67% 
(54, 81)† 
36 
71% 
(58, 83)‡ 
13 
69% 
(55, 83)† 
53 
88% 
(80, 97)‡ 
25* 
65% 
(54, 76)† 
31 
70% 
(57, 84)‡ 
*  20 sheep had only one to three small and calcified lesions. 
†  Sensitivity % (95% CI). 
‡  Specificity % (95% CI). 
  In study 3, 71 of the 115 sheep had CLA lesions present, but 18 of the 71 were 
negative by both the C-ELISA and T-ELISA.  Five of these 18 sheep were sampled and 
C. pseudotuberculosis was isolated from their lesions.  In Table 2.2 the location and size 
of the lesions in these 18 sheep is shown.  Eleven of the 18 sheep had no lung lesions 
and six had only one, two or three lung lesions, most of which were hard and calcified. 
  The C-ELISA and T-ELISA results and the sensitivity and specificity for 
artificially infected sheep in studies 4, 5 and 6 are shown in Table 2.3.  In study 4, 
where sheep were killed 12 months after artificial challenge, the sensitivity and 
specificity for the C-ELISA was 93 (95% CI 87–99) per cent and 72 (95% CI 63–81) per 
cent respectively and for the T-ELISA 83 (95% CI 75–92) per cent and 78 (95% CI  Chapter 2. Evaluation of an enzyme-linked immunosorbent assay for the detection  
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70–86) respectively.  In studies 5 and 6 where sheep were slaughtered four  months 
after artificial challenge , the mean sensitivity and specificity for the C-ELISA was 
85 (95% CI 78-91) and 32 (95% CI 26-37) per cent respectively and for the T-ELISA 
85 (95% CI 78–91) per cent and 28 (95% CI 22–33) per cent respectively. 
  In study 4, 72 sheep had CLA lesions and five of them were C-ELISA negative.  
The vaccination history, location and size of the lesions in these five sheep are shown 
in Table 2.4. 
 Chapter 2. Evaluation of an enzyme-linked immunosorbent assay for the detection  
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Table 2.2.  The vaccination status of, and the location and size (mm) of CLA lesions in sheep 
with negative C-ELISA and T-ELISA reactions (Study 3) 
Lesions* 
Lung Lymph  nodes 
Animal 
number 
Vaccination 
status 
0–5
† 6 –10 10–20 0–5
† 6 –10 10–20  > 20 
1  +  0 0 0 0 0 0  1§ 
2  +  0 0 0 0 0  1‡  0 
3  +  0 0 0 0 0 1 0 
4  +  0 0 0 0 0 2 0 
5  +  0 0 0 0 0  1§  1§ 
6  +  0  2‡  0 0 0  1‡  0 
7  +  0 0 0 1 0 1 0 
8  +  0 0 0 0 0 0  1§ 
9  +  0 0 0 0 0 0 0 
10  -  0 0 0 0 0 0 0 
11  -  0 0 0 0 0 0 1 
12  -  0 0 0 0 1 0 1 
13  -  0  1‡  0 0 0 0 1 
14  -  0 0 0 0 1  1§  3 
15  -  0 0 0 0 0 1 1 
16  -  0 0 0 0 0 0 1 
17  -  2‡ 1  0 1‡ 0  1  1 
18  -  21  14 1  0 01 0  1 
*  Infection presumed prior to vaccination. 
†  Lesion diameter (mm). 
‡  Dry and calcified. 
§  C. pseudotuberculosis isolated. Chapter 2. Evaluation of an enzyme-linked immunosorbent assay for the detection  
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Table 2.3.  Comparison of the number of lesions present with the results of C-ELISA and 
T-ELISA for C. pseudotuberculosis in three artificially challenged groups of sheep at 
slaughter 
Study 4* 
(175 sheep) 
Study 5† 
(123 sheep) 
Study 6† 
(271 sheep)  ELISA test 
and 
result 
72 
with 
lesions 
103 
without 
lesions 
63 
with 
lesions 
60 
without 
lesions 
61 
with 
lesions 
210 
without 
lesions 
C-ELISA +  67 29 60 50 45  135 
- 5 
93%  
(87, 99)‡ 
74 
72% 
(63, 81)§ 
3 
95% 
(90, 100)‡ 
10 
17% 
(7, 26)§ 
16* 
74% 
(63, 85)‡ 
75 
36% 
(29, 42)§ 
T-ELISA  +  60 23 61 59 44  136 
 12 
83% 
(75, 92)‡ 
80 
78% 
(70, 86)§ 
2 
97% 
(93, 100)‡ 
1 
2%  
(0, 5)§ 
17 
72% 
(61, 83)‡ 
74 
35% 
(29, 42)§ 
*  117 of these sheep had been challenged with C. pseudotuberculosis 21 months prior to slaughter. 
† Challenged  with  C. pseudotuberculosis 4 months prior to slaughter. 
‡  Sensitivity % (95% CI). 
§  Specificity % (95% CI). 
  In study 5, of 63 sheep with lesions only three were C-ELISA negative.  One 
sheep had one 2 mm lymph node lesions and two 2 mm lung lesions.  The other two 
sheep had one, 10 mm and two, 4 mm lymph node lesions respectively. 
  In study 6, 61 sheep had CLA lesions and 16 of them were C-ELISA negative 
(Table 2.3).  Nine of the 16 sheep had no lung lesions and seven had one or two lung 
lesions.  Lymph node lesions were found in 13 of the 16 sheep but the lesions were 
small in size and number.  Nine of the 61 sheep with lesions were negative to both the 
C-ELISA and T-ELISA and three of these had one lung lesion (the lesion in one of Chapter 2. Evaluation of an enzyme-linked immunosorbent assay for the detection  
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these three was calcified).  The remaining six sheep had zero to seven lymph node 
lesions but no lung lesions. 
Table 2.4.  The location and size of the CLA lesions in five sheep that had negative C-ELISA 
reactions (Study 4) 
Lesions 
Lung Lymph  nodes 
Animal 
number 
Group 
No. 
0–5* 6–10 0–5* 6–10 
1  1†  1 0 0 0 
2  1  0 0 0 1 
3  2‡  5 1 0 0 
4  3§  4 0 0 0 
5  3  0 0 0 1 
*  Lesion diameter (mm). 
†  Vaccinated with Glanvac-PK-TET and challenged with C. pseudotuberculosis. 
‡ Challenged  with  C. pseudotuberculosis. 
§  Neither vaccinated nor challenged. 
2.3.2 The Relationship between the Presence of CLA lung Lesions and ELISA 
  The number of sheep with positive CLA lung lesions in the C-ELISA and 
T-ELISA is shown in Table 2.5.  The size and appearance of the lung lesions of the six 
sheep in study 1 that were negative to both ELISA tests were not recorded.  All sheep 
with lung lesions in study 2 and study 5 were positive in the C-ELISA and 84.6 and 
95.6 per cent respectively of them were positive in the T-ELISA. Chapter 2. Evaluation of an enzyme-linked immunosorbent assay for the detection  
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Table 2.5.  Comparison of the ability of the C-ELISA and T-ELISA to detect sheep with 
C. pseudotuberculosis lesions in the lungs 
Study number 
No. sheep 
1 2 3 4 5 6 
Total 
With  lung  lesions  34 26 45 58 46 26  235 
C-ELISA  positive  27 26 33 55 46 19  206 
T-ELISA  positive  26 22 30 49 44 21  192 
C/T-ELISA  positive*  28 26 38 55 46 23  216 
*  Cell wall or Toxin ELISA positive. 
  Of 45 sheep with lung lesions in study 3, 38 were positive on either the C-ELISA 
or T-ELISA.  The C-ELISA was negative for 12 sheep but 10 of these had one to three 
calcified lesions in the lung with three or less lymph node lesions.  The other two 
sheep had 10 or more small lung lesions, with one or two lymph node lesions.  The 
T-ELISA was negative for 15 sheep and 13 of them had three or less hard, dry lung 
lesions.  Nine of the 13 had no lymph node lesions. 
  In studies 4 and 6, 94.8 per cent and 88.5 per cent respectively of the sheep with 
lung lesions were positive by the C-ELISA or T-ELISA.  In study 4, the C-ELISA 
detected all sheep with lung lesions and the T-ELISA detected 84.5 per cent of them.  
In study 6, the T-ELISA detected 80.8 per cent of the sheep with lung lesions and the 
C-ELISA 73.1 per cent.  In both studies, those sheep with lung lesions but negative by 
both ELISA tests had one or two small lung lesions. 
2.4 Discussion 
  More sheep with CLA lesions were detected by the C-ELISA than by the 
T-ELISA.  The T-ELISA, however, proved slightly more specific in sheep naturally 
infected with the disease.  The sensitivity and specificity of both tests were similar to 
those found in the anti-haemolysin inhibition test (Zaki, 1968) and gel diffusion test for Chapter 2. Evaluation of an enzyme-linked immunosorbent assay for the detection  
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antibody to the bacterial exotoxin (Robertson, 1980); these tests had sensitivities of 62 
and 78 per cent respectively and specificities of 71 and 57 per cent respectively.  When 
detecting sheep with CLA lung lesions however, both the C-ELISA and T-ELISA 
proved more sensitive and specific than any other serological test reported. 
  The results of studies 4, 5 and 6 suggest that the specificity of the C-ELISA and 
T-ELISA tests depend on the length of time between challenge and slaughter.  
However, there are two explanations for the low specificity or higher number of ‘false 
positive’ reactions that occurred particularly in studies 5 and 6.  First, the percentage 
of ‘false positive’ reactions in these studies may indicate a sustained antibody response 
despite clearance of the organism and therefore a successful host defence (Woolcock, 
1979).  Second, as some of the small lesions recorded in sheep with negative ELISA 
results in studies 4, 5 and 6 were not verified by histological examination or by culture, 
it is possible that they were not caused by C. pseudotuberculosis.  The small granular 
lesions seen in some sheep may have been parasitic granulomas (Smith et al. 1973) or 
abscesses caused by other bacteria (Renshaw et al. 1979).  Consequently the overall 
specificity of the ELISA tests indicated in the results may be an underestimate. 
  The use of toxoid vaccines may preclude the detection of CLA infected sheep by 
serological measurement of antitoxin antibodies.  The C-ELISA however is based on 
the detection of antibody to the cell wall of the bacterium and therefore adaptable to 
large scale testing of vaccinated sheep for the presence of active C. pseudotuberculosis 
infection. Chapter 3. The influence of shearing and age on the incidence of  
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CHAPTER 3 
The influence of shearing and age on the incidence of 
Caseous Lymphadenitis in Australian sheep flocks 
The following is a modified version of the published paper: M.W. Paton, A.R. Mercy, 
S.S. Sutherland and T.M. Ellis (1988) Acta Veterinaria Scandinavica 84 (Suppl.) p. 101–103. 
3.1 Introduction 
  This pilot experiment examined whether the incidence of CLA at any defined 
time period in one or two age groups in five commercial sheep flocks provided a good 
estimate of annual incidence.  The study thus identified the age and time of the year 
when most new disease occurs and would allow the study of factors which affect the 
incidence of CLA to be confined to defined age groups in a specific period.  The 
age-specific prevalence of CLA in these five commercial sheep flocks was also 
estimated. 
3.2 Serology 
  Five flocks with a high prevalence of CLA in ewes culled for age were chosen.  
Fifty ewes from each of four or five age groups in each flock were blood sampled and 
ear-tagged in December/January.  The sera from these sheep were tested by the ELISA 
techniques outlined in Chapter 2.  The sensitivity and specificity of the toxin and cell 
wall ELISA tests has been estimated at 75–80%.  Sheep having antibody levels of 20 or 
more ELISA units for toxin and cell wall tests were classified as positive (likely to have 
been exposed to CLA).  From the age prevalence data in each flock (Table 3.1), two age 
groups were selected as most likely to have the highest incidence during the following 
12 months.  These age groups were most likely to have the highest incidence, because 
they had the largest difference in prevalence between themselves and that of the age Chapter 3. The influence of shearing and age on the incidence of  
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group one year older.  The fifty sheep from these selected age groups were blood 
sampled a further three times over the next nine months and in all age groups were 
sampled again at the end of 12 to 14 months. 
  The number of sheep seroconverting in each age group was then assessed.  
Sheep which seroconverted were sheep with initial CLA cell wall OR toxin ELISA 
antibody values of < 20 units, in which both ELISA cell wall and toxin antibody 
activity rose by > 20 units at in subsequent testing.  These criteria were to exclude any 
smaller increases in these ELISA values due to general variability in immunological 
activity.  The time periods during which seroconversion in the two selected age 
groups occurred were also recorded.  
  The criteria for assessing whether sheep had seroconverted, indicating exposure 
to either the cell wall or toxin antigens, are not consistent in all studies reported in this 
thesis.  The appropriate values at which a sheep could be judged to have 
seroconverted depended on the history of the population of sheep and the method of 
CLA challenge.  Therefore factors such as initial ELISA measures of cell wall and toxin 
concentrations in the population, developing experience using the ELISA test and the 
purpose of the study, have influenced criteria used to judge seroconversion in 
subsequent studies. 
  In Table 3.2, the “test incidence” was calculated by dividing the total number of 
sheep that seroconverted  by the number which were negative at the first blood 
sampling.  This figure was adjusted by increasing the number by the proportion of 
sheep not present, if all negative sheep were not present at the final blood sampling.  
The “estimated incidence” was calculated by dividing the number of sheep in the 
“most susceptible” age groups (the two youngest age groups other than lambs) that 
seroconverted (adjusted as above) by the number which were negative at the first 
blood sampling. Chapter 3. The influence of shearing and age on the incidence of  
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3.3 Results 
Table 3.1.  The initial serological prevalence of CLA in sheep from different age groups and 
the number of seroconversions in the following 12 months 
Prevalence (No. of sheep which seroconverted) 
Flock A  B  C  D  E 
A g e        
5  90  - - -  56 
4  88  74 40(2) 56 *18(2) 
3  74 64(1) 40 40(7)  – 
2 *60(2)  *50(5)  *16  -  18(4) 
1 *0(25)  *8(18)  *6(1)  *24(12)  *10 
< 1  -  0  6  *4(5)  4(1) 
Total  seroconversions  27  24 3 24 7 
*  Selected age groups. 
Table 3.2. The number of negative sheep at the initial blood sampling, the number which 
seroconverted in each flock and in the "most susceptible age groups" in the period after 
shearing and the estimated and test flock incidences 
Flock 
No. 
negative 
initial test 
Total no. 
seroconverted
a 
No. 
seroconverted  
in "most 
susceptible" age 
and time
a 
Test incidence 
(95% CI) 
Estimated 
incidence 
A 94  27  27  0.29  (0.20,  0.38)  0.29 
B 152  32.6  31.5  0.21  (0.15,  0.28)  0.21 
C 196  3  1.2  0.02  (0.00,  0.03)  0.01 
D 138  29.6  21.6  0.22  (0.15,  0.29)  0.16 
E 199  10.8  6.3  0.05  (0.02,  0.09)  0.03 
a  Adjusted for the number of sheep sampled at the final collection. Chapter 3. The influence of shearing and age on the incidence of  
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  Eighty-five per cent of sheep that seroconverted in the 12 months of the study 
were from the two youngest age groups other than lambs. (Table 3.2). 
  In the selected age groups (those sampled 5 times in 12 months) over 90% of 
sheep which seroconverted did so between shearing and the next blood sampling. 
3.4 Conclusions 
  Approximately 85% of the annual incidence of CLA in a flock can be detected 
from changes in serology in the sheep in the two youngest age groups other than 
lambs in the time period after shearing.  Measuring the incidence of CLA in these two 
age groups gave a more accurate estimate of the test flock incidence than that given by 
using the age groups selected by differences in prevalence between age groups.  This 
estimate may be valuable when studying the incidence of CLA as it will enable studies 
of factors affecting the incidence to concentrate on the age group and time period 
where a great proportion of new CLA infection is likely to occur.  
  Sampling two age groups at shearing and in the period following shearing, will 
only fail to detect about 20% of those sheep which become infected with CLA.  The 
estimate of flock incidence given by measuring the incidence in two constant ages 
groups rather than two selected on their prevalences has the advantage that the 
prevalence in age groups does not need to be measured prior to collection of blood 
samples for estimating incidence.  In this study the accuracy of this estimated 
incidence increased as the test incidence increased. 
  The low prevalence and incidence measured in lambs reinforces the fact that 
CLA in Australian sheep flocks occurs almost entirely in adult sheep.  This emphasises 
the need for annual vaccinations against this disease in adult sheep. Chapter 4. New infection with Corynebacterium pseudotuberculosis reduces wool production 
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CHAPTER 4 
New infection with Corynebacterium pseudotuberculosis 
reduces wool production 
The following is a modified version of the published paper: M.W. Paton, I.R. Rose, R.A. Hart, 
S.S. Sutherland, A.R. Mercy, T.M. Ellis And J.A. Dhaliwal (1994) Australian Veterinary 
Journal 71: 47–49. 
4.1 Introduction 
  Batey (1986a) estimated the prevalence of CLA in Western Australian adult ewes 
in 1984 to be 54% and Paton et al. (1993a) reported an mean prevalence of 45% for 412 
Western Australian Merino flocks. Two previous experiments (Paton et al. 1988; MW 
Paton and SS Sutherland unpublished) using sheep challenged with 
C. pseudotuberculosis, suggested that this infection causes a loss of 0.2 to 0.3 kg in 
greasy fleece weight over a 12 month period. From these data it is apparent that this 
disease has the potential to cause significant losses in wool production in the 
Australian wool industry. It is possible that the loss of wool production observed in 
the two previous experiments was a product of the experimental challenge procedure 
used. Therefore, it was important to determine if naturally infected sheep also suffer 
this wool production loss. 
  An enzyme-linked immunosorbent assay (ELISA) for antibody to the 
C. pseudotuberculosis exotoxin (TEIA) (Chapter 2) can be used to indicate new 
C. pseudotuberculosis infections. The findings from Chapter 3 indicate that about 85% of 
annual CLA flock incidence occurs in the 1- and 2-year-old sheep in the period after 
shearing, making these age groups the most productive to study when examining the 
effects of CLA incidence. For this investigation, evidence of seroconversion to 
C. pseudotuberculosis by an ELISA (Sutherland et al. 1987) between shearing and five Chapter 4. New infection with Corynebacterium pseudotuberculosis reduces wool production 
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months later was used to indicate the incidence of natural infection.  Wool production 
and quality were then compared between sheep that had seroconverted and those that 
failed to seroconvert. 
4.2 Materials and Methods 
4.2.1 Experimental Design 
  Three flocks from Western Australia's central wheat belt, with a high prevalence 
of CLA in cull sheep at slaughter were chosen for this study. The sheep in flock 2 were 
wethers while ewes were used in the other flocks. Fifty each of the 1-, 2- and 3-year-
old sheep in each of these flocks were blood sampled about two months before 
shearing and an ELISA was used to estimate the prevalence of CLA in each age group. 
The age group most likely to have the highest incidence of CLA after the next shearing 
was chosen by selecting the age group with the largest difference in the seroprevalence 
of CLA between itself and the next older age group (Chapter 3). 
  All the sheep in this selected age group were ear tagged, blood sampled and 
their greasy fleece weights measured at shearing. The sheep were sampled again five 
months later to determine which sheep had seroconverted during the period after 
shearing. Incidence of C.pseudotuberculosis infection for this study was indicated by 
seroconversion in CLA toxin antibody-negative sheep over the 5-month interval.  At 
the following shearing, sheep were blood sampled again and greasy fleece weight 
measured.  
  In two of the three flocks, wool samples were also taken from the mid-side of 
each fleece to determine clean fleece weight and fibre diameter.  Antibody to 
C. pseudotuberculosis exotoxin was measured in the TEIA described by Sutherland et al. 
(1987).  The prevalence of CLA in each age group was estimated by considering all 
sheep with a TEIA result of > 30 ELISA units to be C. pseudotuberculosis positive (Paton Chapter 4. New infection with Corynebacterium pseudotuberculosis reduces wool production 
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et al. 1993b). Sheep that seroconverted were those whose TEIA was < 20 ELISA units 
before shearing and showed a rise of 20 or more units by five months after shearing.  
Sheep that seroconverted to C. pseudotuberculosis toxin as measured by the TEIA were 
assumed to have been infected with C. pseudotuberculosis after the previous sampling. 
4.2.2 Statistical Analysis 
  Differences in greasy and clean fleece weights between sheep that seroconverted 
and those that did not, were analysed by analysis of covariance using the previous 
year's greasy fleece weight as a covariate. Fibre diameters were analysed by analysis of 
variance. 
Table 4.1.  Estimates of the prevalence of CLA in three commercial sheep flocks from 50 cull 
sheep at slaughter and the seroprevalence in three  age groups in the period before shearing 
and the CLA incidence in 2-year-old (YO) sheep in the five months after shearing 
Flock 
Abattoir 
Prevalence 
(%) [95% CI] 
Pre-shearing CLA seroprevalence 
(%) [n*] 
Post-shearing CLA 
seroincidence 
(%) [n*] (95% CI) 
Age  5–6 YO  1 YO  2 YO  3 YO  2 YO 
1  80 [69, 91]  44 [50]  36 [50]  96 [50]  31 [158] (24, 38) 
2  88 [79, 97]  24 [50]  36 [50]  74 [50]  75 [160] (68, 82) 
3  60 [46, 74]  6 [50]  10 [50]  40 [50]  71 [139] (64, 79) 
*  n = number of sheep used to make the estimate. Chapter 4. New infection with Corynebacterium pseudotuberculosis reduces wool production 
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Table 4.2.  Mean greasy and clean fleece weights and fibre diameter of sheep that 
seroconverted or did not seroconvert to CLA toxin antibody in the five months after 
shearing 
Mean fleece weight (kg) 
Flock 
Seroconv
erted* 
No. 
Greasy P  Clean  P 
Fibre 
diameter 
(µm) 
P 
1  +  49 5.61 0.037 3.99 0.008  23.7  0.17 
  - 109  5.89  4.27   23.3   
2  +  120 6.67 0.001 4.86 0.007  23.7  0.32 
  -  40  6.95  5.07   24.1   
3  + 99  4.04  0.088  ND   ND   
  - 40  4.20  ND   ND   
*  + = seroconverted; - = failed to seroconvert. 
4.3 Results 
  The prevalence of CLA found in cull sheep at the abattoir together with the 
estimates of the prevalence of CLA in age groups from each are presented in Table 4.1. 
The seroincidence of CLA in sheep from the selected age group (2-year-old sheep in all 
flocks) in the five months after shearing during the experiment are also presented in 
Table 4.1. 
  The results presented in Table 4.2 indicate that sheep showing evidence of 
C. pseudotuberculosis infection produced 0.28 kg, 0.28 kg and 0.16 kg less greasy wool 
respectively, than uninfected sheep in these three commercial flocks. These differences 
represent reductions of between 3.8 and 4.8 per cent in greasy fleece weight. Where 
clean fleece weight was measured in flocks 1 and 2, sheep which seroconverted to 
C.pseudotuberculosis produced 0.28 kg and 0.21 kg less clean wool, respectively, than 
sheep not seroconverting. This represents a reduction of between 4.1 and 6.6 per cent 
in clean fleece weight. There was no significant difference in mean fibre diameter Chapter 4. New infection with Corynebacterium pseudotuberculosis reduces wool production 
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between sheep seroconverting and not in flocks 1 and 2 (P = 0.17). The differences in 
mean fibre diameters between these two groups from these flocks were also in 
different directions.  In flock 3, fly strike and Dermatophilosis were unusually 
prevalent and severe in the year of this study.  
4.4 Discussion 
  Sheep showing serological evidence of new C. pseudotuberculosis infection 
produced significantly less greasy (3.8 to 4.8%) and clean (4.1 to 6.6%) wool than sheep 
not showing evidence of infection. These differences were similar to those found using 
artificial challenge with C. pseudotuberculosis where the percentage differences in wool 
production were 5.7 per cent in greasy and 6.6 per cent in clean fleece weights (Paton 
et al. 1988).  These results show that C. pseudotuberculosis infection causes significant 
wool production loss in Merino sheep in commercial sheep flocks.  In flock 3, the 
lower numbers of sheep examined and the effects of the high prevalence of fly strike 
and Dermatophilosis on wool measurements may have contributed to a failure to 
detect a difference in greasy fleece weight.  The TEIA has been shown to be a good 
indicator of infection with C. pseudotuberculosis. The sensitivity of the TEIA was shown 
to be 97 per cent when sheep were artificially infected (Sutherland et al. 1992) and 81 
per cent when sheep are tested repeatedly during a period of natural 
C. pseudotuberculosis infection (Paton et al. 1995). 
  A previous experiment (MW Paton and SS Sutherland, unpublished) in which 
artificial challenge was used, showed that no additional wool production loss was 
suffered by seroconverted sheep in subsequent years.  It is therefore likely that this 
loss of wool production occurs only once in a sheep's life. This experiment also 
confirmed findings from the same experiment and Paton et al. (1988) that serological 
evidence of C. pseudotuberculosis challenge rather than the presence of CLA lesions is 
associated with wool production loss.  These two findings seem to be consistent with Chapter 4. New infection with Corynebacterium pseudotuberculosis reduces wool production 
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our understanding of the pathophysiology of this disease.  After initial infection and 
dissemination of the organism in the sheep, localisation and abscess formation occurs 
(Brown and Olander, 1987; Pépin et al. 1991b). It is possible that the catabolic effects 
from cytokine or toxic metabolite release associated with immune and inflammatory 
responses (Pépin et al. 1991a) may result in partitioning of nutrients away from wool 
growth in the initial phase of infection.  Once thick-walled abscesses are formed 
(Batey, 1986b), these effects are likely to decrease. These two phases of CLA infection 
may account for the lower wool production during the first year of infection only. 
  Since the lesion prevalence of CLA in Western Australia in unvaccinated flocks 
is about 40 per cent (MW Paton, unpublished) and only 60 to 80 per cent of infected 
sheep develop CLA lesions (Paton et al. 1988; Sutherland et al. 1992) then about 55 per 
cent of sheep not vaccinated against CLA in Western Australia are probably infected 
with the disease at some time and therefore suffer a loss of wool production once 
during their life.  It was assumed that the Australian prevalence of CLA was similar to 
that in Western Australia, at a net on-farm return of $5.00 per kg, for 21 µ (an mean 
fibre diameter for 1- to 3-year-old sheep) clean wool, the total wool production loss 
due to CLA can be estimated at $17 million annually. This calculation was based on 
788 million kilograms production of greasy wool (Australian Bureau of Statistics 1992) 
x 0.7 average clean fleece yield ÷ 4.5 adult age groups (Australian Bureau of Statistics 
1992) x 0.55 CLA infection rate (the current infection rate is unknown) x 0.05 decrease 
in clean wool production x $5.00 net on farm price. 
  This calculation assumed no vaccination against CLA and should therefore be 
seen as a potential loss. Paton et al. (1993a) estimated that 20 per cent of Western 
Australian sheep flocks had effective vaccination programs, so the real cost of CLA 
would be less than this figure.  However, with the large variation in the quality of 
vaccination programs throughout Australia and the fact that a portion of the Chapter 4. New infection with Corynebacterium pseudotuberculosis reduces wool production 
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approximately $4.3M spent on vaccines that prevent CLA (J Lloyd, personal 
communication) should be added to the total cost, the true figure is difficult to 
calculate. Despite some unknowns in these estimates, CLA clearly causes a significant 
loss of wool production efficiency in the Australian sheep flock. Chapter 5. The spread of Corynebacterium pseudotuberculosis infection  
to unvaccinated and vaccinated sheep 
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CHAPTER 5 
The spread of Corynebacterium pseudotuberculosis infection 
to unvaccinated and vaccinated sheep 
The following is a modified version of the published paper: M.W. Paton, S.S. Sutherland, 
I.R. Rose, R.A. Hart, A.R. Mercy and T.M. Ellis (1995) Australian Veterinary Journal 
72: 266–269. 
5.1 Introduction 
  Vaccination experiments and field observations have indicated that vaccination 
programs to control caseous lymphadenitis (CLA) can reduce the prevalence of sheep 
with CLA lesions by 70 to 80 per cent.  These estimates of the expected reductions in 
the prevalence of CLA in one generation, were made by comparing the infection rates 
of vaccinated and unvaccinated sheep after artificial challenge (Paton et al. 1988; Paton 
et al. 1991) and by monitoring the prevalences of CLA in flocks after the introduction 
of vaccination programs against CLA (Paton et al. 1993a). In commercial sheep flocks, 
the first generation of vaccinated sheep may also act as the source of infection for 
subsequent generations because infected sheep still occur in vaccinated groups (Paton 
et al. 1993a). However, there are fewer infected sheep to pass on the disease and they 
will have fewer lesions than unvaccinated sheep (Paton et al. 1988).  It is not clear what 
effect these infected sheep will have on the control of CLA in a commercial sheep 
flock. Previous studies (Robertson, 1980; Chapter 2) have indicated that most spread of 
CLA occurs at shearing. Several modes of transmission of CLA have been suggested as 
being important in the spread of this disease. Corynebacterium pseudotuberculosis enters 
its host through cuts in the skin mostly after shearing (Seddon et al. 1929; Bull and 
Dickinson, 1934; Robertson, 1980; Batey, 1986c). However, the main source of the Chapter 5. The spread of Corynebacterium pseudotuberculosis infection  
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bacteria contaminating these lesions is not obvious. Contamination of the environment 
by C. pseudotuberculosis in faeces, including soiled shearing shed boards and holding 
pens, was suggested as being important (Seddon et al. 1929; Robertson, 1980). This led 
to improved attention to shearing shed hygiene to prevent the spread of CLA. 
Alternatively, transfer of CLA pus (from discharging abscesses or cuts at shearing) via 
shearing combs, other fomites, in dips or by direct contact with other sheep is also a 
possible important mode of infection (Seddon et al. 1929.; Nairn and Robertson, 1974). 
Robertson (1980) suggested, and Ellis et al. (1987) showed, that sheep with lung 
infections may be a source of infection.  These different routes of infection would 
require different management changes to minimise the spread of CLA at shearing. 
  To investigate the spread of CLA under conditions found in commercial sheep 
flocks, detailed observations at shearing were made and the incidence of CLA 
monitored over a period including five shearings.  The reduction in the prevalence of 
CLA expected in two generations of sheep after the start of a vaccination program was 
determined by observing the natural spread of CLA from artificially infected to 
uninfected sheep. The relative importance of different modes of transmission of CLA 
in commercial sheep flocks was examined. 
5.2 Materials and Methods 
  Four hundred and fifty 5-month-old wether lambs were randomly allocated to 
three groups, ear tagged and vaccinated twice at day zero and day 28 according to the 
schedule in Table 5.1. The vaccines were either a vaccine against Enterotoxaemia, 
Tetanus and CLA, or a vaccine against Enterotoxaemia and Tetanus. Lambs with a 
C. pseudotuberculosis exotoxin ELISA (TEIA) value or a cell wall ELISA (CEIA) value of 
> 20 units were excluded from the investigation to ensure a low risk of using any lamb 
previously exposed to CLA (Ellis et al. 1987). Four weeks after the second vaccination Chapter 5. The spread of Corynebacterium pseudotuberculosis infection  
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(day 56 of the study), 50 lambs from each group were artificially challenged with 
C. pseudotuberculosis (Paton et al. 1988) and run separately for a further four weeks.  
Lambs were then assembled in the groups indicated in Table 5.1 with 50 artificially 
infected lambs being run with 100 uninfected lambs in each group. These three groups 
were run separately for the remainder of the investigation. 
Table 5.1.  Number of sheep inspected and their vaccination status and per cent of sheep 
with CLA lesions after 40 months of the spread of Corynebacterium pseudotuberculosis 
infection. 
Artificially 
Challenged* 
Naturally Exposed† 
Group 
No. Vaccine 
% with 
lesions 
No. Vaccine 
% with 
lesions 
1  47 C/E/T‡  4  86  C/E/T  2 
2  45 E/T#  44  84  C/E/T  20 
3  42 E/T  48  85  E/T 76 
*  In each group 50 sheep. were run with 100 unchallenged sheep. 
†  In each group 100 sheep were run with 50 artificially challenged sheep. 
‡  Vaccinated against CLA, Enterotoxaemia and Tetanus. 
#  Vaccinated against Enterotoxaemia and Tetanus. Chapter 5. The spread of Corynebacterium pseudotuberculosis infection  
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Table 5.2.  The average number of CLA lesions by location and size in sheep that were either 
artificially infected with, or naturally exposed to Corynebacterium pseudotuberculosis and 
that were either vaccinated against CLA or vaccinated against Enterotoxaemia and Tetanus 
only 
Method 
of CLA 
Infection  
(Group) 
No. of sheep 
with lesions 
(Vaccine) 
Av. no. 
lung 
lesions 
Av. no. 
lymph 
node lesions 
Av. no. 
small 
lesions 
Av. no. 
medium 
lesions 
Av. no. 
large 
lesions 
Artificial (1)  2 (C/E/T‡)  0.50  2.0  1.5  0.50  0.50 
Natural (1)  2 (C/E/T)  5.50  0  0  0.50  5.0 
Artificial (2)  20 (E/T#)  2.85  1.80  1.65  1.3  1.7 
Natural (2)  17  (C/E/T)  0.41 1.35  0.41 0.65 0.71 
Artificial (3)  20  (E/T)  6.45  2.0  5.14 1.73 1.59 
Natural (3)  65  (E/T)  10.0 4.77  9.20 2.88 2.71 
‡  Vaccinated against CLA, Enterotoxaemia and Tetanus. 
#  Vaccinated against Enterotoxaemia and Tetanus. 
Table 5.3.  The percentage of seronegative sheep in group 3 seroconverting during natural 
exposure to CLA and the cumulative percentage of remaining negative sheep that 
seroconverted to CLA toxin antibodies after each of five shearings over a period of 22 
months 
  Shear 1  Shear 2  Shear 3  Shear 4  Shear 5 
% of Seronegative sheep 
seroconverting 
12 4  1 18  64 
Cumulative % seroconversions  12 16 17 32 76 
  Sheep were shorn five months after the assembly of groups and about twice 
yearly thereafter at the times shown in Figures 5.1 and 5.2. All sheep were 
revaccinated with the same vaccines used previously at days 316 and 723 of the Chapter 5. The spread of Corynebacterium pseudotuberculosis infection  
to unvaccinated and vaccinated sheep 
 
Michael Paton  51 
investigation. Group 1 was always shorn first, followed by group 2 and group 3. 
Within these groups, an artificially infected sheep was shorn first followed by two 
uninfected sheep and so on. The shearing boards were scrubbed with chlorhexidine 
before each shearing commenced. Shearing for this investigation was not carried out 
when the other sheep on the research facility were shorn. Each shearing was observed 
and the order in which sheep were shorn was recorded. Any abscess cut by shearers or 
burst during yarding or shearing was also recorded. 
  All sheep were slaughtered eight months after the results of serological tests 
indicated that 75 per cent of uninfected sheep in group 3 had seroconverted to 
C. pseudotuberculosis toxin antibody (according to criteria described below). At 
slaughter, and after procedures described previously (Paton et al. 1988), the size and 
location of every CLA identified lesion were recorded.  Lesions were measured with 
callipers and categorised as small (< 1 cm in diameter), medium (1–5 cm in diameter) 
or large (> 5 cm in diameter) lesions. 
5.2.1 Serology 
  All sheep that were not artificially infected and a sample of 22 of the artificially 
infected sheep were bled on 13 occasions over 40 months. Antibodies to 
C.pseudotuberculosis exotoxin and cell wall were measured by the toxin ELISA (TEIA) 
and cell wall ELISA (CEIA) described by Sutherland et al. (1987).  During the 
investigation, uninfected sheep in group 3 with a TEIA result that had increased by 20 
ELISA units or more from an initial TEIA result of < 20 units were considered to have 
seroconverted (Chapter 2). 
5.2.2 Statistical Analysis 
  Differences in CLA infection rates and seroconversion rates between groups of 
sheep were analysed using the chi-square test for independence. Analysis of Chapter 5. The spread of Corynebacterium pseudotuberculosis infection  
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differences in numbers of lesions was done using Kruskal-Wallis one-way analysis of 
variance.  
5.3 Results 
  The proportions of artificially and naturally infected sheep from each of three 
groups with CLA lesions at slaughter are shown in Table 5.1. The mean number, size 
and location of CLA lesions in these sheep are shown in Table 5.2. 
  Vaccinated, naturally infected sheep in group 2 had a 74 per cent (76-20/76 = 
74%) lower infection rate (P < 0.0001) than unvaccinated naturally infected sheep in 
group 3. Vaccinated, artificially infected sheep in group 1 had a 91 per cent  lower 
infection rate (P < 0.0001) than unvaccinated, artificially infected sheep in groups 2 
and 3 (Table 5.1). The seroincidence of CLA in unvaccinated, naturally infected sheep 
in group 3 was highest after the last shearing (Table 5.3). 
  Vaccinated, naturally infected sheep with CLA lesions in group 2 had 96 per cent  
fewer lung lesions (P < 0.0001) and 72 per cent  fewer lymph node lesions (P < 0.0001) 
than unvaccinated, naturally infected sheep with lesions in group 3 (Table 5.2). 
Vaccinated, naturally infected sheep in group 2 with CLA lesions had 96 per cent  
fewer small lesions (P < 0.0001), 77 per cent  fewer medium lesions (P < 0.0001) and 
74 per cent  fewer large lesions (P < 0.0001) than unvaccinated, naturally infected 
sheep with lesions in group 3 (Table 5.2). 
  Eighty-two per cent of the sheep in group 3 that seroconverted in any of the 12 
TEIA tests over 40 months had CLA lesions at slaughter. Fifty-seven per cent of the 21 
naturally exposed sheep that did not seroconvert to the TEIA in any of the 12 tests 
after the initial test, had CLA lesions at slaughter. 
  The concentrations of CLA toxin and cell wall antibodies, over the period of the 
study, for naturally infected sheep are shown in Figure 5.1. Chapter 5. The spread of Corynebacterium pseudotuberculosis infection to unvaccinated and vaccinated sheep 
 
Figure 5.1.  Mean CLA toxin and Cell wall (Cell) ELISA values of vaccinated (vac) and unvaccinated (unvac) sheep naturally exposed to CLA and 
shorn (S) five times during a 1224 day period.  “V” indicates when sheep were given additional vaccinations after day 0. 
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Figure 5.2.  Mean CLA toxin and Cell wall Cell) ELISA values of vaccinated (vac) and unvaccinated (unvac) sheep artificially challenged with 
C. pseudotuberculosis and shorn (S) five times during a 1224 day period.  “V” indicates when sheep were given additional vaccinations after day 0. 
0
5
10
15
20
25
30
35
40
45
50
0 200 400 600 800 1000 1200 1400 DAYS
E
L
I
S
A
 
U
n
i
t
s
Cell EIA  Vacc
Toxin EIA Vacc
Cell EIA Unvacc
Toxin EIA Unvacc
C VV V
S
SS S S
 
Chapter 5. The spread of Corynebacterium pseudotuberculosis infection to unvaccinated and vaccinated sheep Chapter 5. The spread of Corynebacterium pseudotuberculosis infection  
to unvaccinated and vaccinated sheep 
 
Michael Paton  55 
  In unvaccinated sheep, concentrations of CEIA increased before the first 
shearing and after this shearing, increased more than TEIA concentrations. Mean 
CEIA concentrations in unvaccinated sheep were consistently higher than TEIA 
concentrations, except at slaughter. In vaccinated sheep, TEIA concentrations 
increased before the first shearing and remained higher than those in unvaccinated 
sheep except at slaughter. Toxin ELISA antibody concentrations in unvaccinated sheep 
increased after every shearing as they did in vaccinated sheep. In the period between 
day 723 and slaughter, when the spread of CLA was most evident, TEIA 
concentrations increased compared with CEIA concentrations. 
  The concentrations of CLA toxin and cell wall antibodies, over the period of the 
study, for sheep artificially infected with C. pseudotuberculosis are shown in Figure 5.2. 
TEIA and CEIA concentrations increased rapidly in vaccinated and unvaccinated 
sheep with concentrations being higher at the first shearing in vaccinated sheep. Of the 
22 unvaccinated, challenged sheep repeatedly tested during the study all 
seroconverted to the TEIA and CEIA before slaughter. 
  During the fifth shearing, an abscess on the brisket of one sheep was cut by a 
shearer. The pus from this abscess was not swabbed for bacterial culture but was 
watery with an offensive odour. This sheep had CLA lesions at slaughter but no lesion 
in the brisket was recorded at that time. Of the eight sheep that were shorn by the 
same shearer immediately after the abscessed sheep, six had not seroconverted to 
C. pseudotuberculosis toxin before that shearing. Of these six sheep, four seroconverted 
to the TEIA test after that shearing. Four shearers were operating at that shearing and 
of the other three shearers, the seroconversion rates for antibody negative sheep in the 
next eight sheep shorn at the same time were 4 of 5, 4 of 6 and 1 of 4. These 
seroconversion rates were not significantly different (P > 0.05) from that for the sheep 
shorn after the abscessed one.  Chapter 5. The spread of Corynebacterium pseudotuberculosis infection  
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5.4 Discussion 
  Vaccination against CLA caused a reduction of 97 per cent  in the prevalence of 
CLA in vaccinated sheep exposed to vaccinated, challenged sheep in group 1, 
compared with unvaccinated sheep exposed to unvaccinated, challenged sheep in 
group 3 (Table 5.1). However, for this decrease to give an accurate assessment of the 
efficacy of a CLA vaccination program over two generations in a commercial sheep 
flock, the decrease in the prevalence of CLA between vaccinated and unvaccinated, 
naturally infected sheep in groups 2 and 3, should be similar to the reduction seen 
between vaccinated, artificially infected sheep in group 1 and unvaccinated, artificially 
infected sheep in groups 2 and 3. The decrease in the prevalence of CLA due to 
vaccination in artificially infected sheep was 91 per cent whereas vaccination against 
CLA decreased disease prevalence by only 74 per cent in naturally infected sheep. The 
variability in the prevalence of CLA in artificially infected, unvaccinated sheep when 
run extensively has been 38 per cent (Paton et al. 1991) to 84 per cent (Paton et al. 1988).  
This experimental challenge technique is not, therefore, a good technique to use where 
predictable infection rates are needed to simulate natural disease rates and the 
protection caused by vaccination. These results cannot be seen as a very good model 
for the effects of CLA vaccination over two generations in commercial sheep flocks. 
However, because vaccinated, naturally infected sheep with lesions in group 2 had 96 
per cent fewer lung lesions and 74 per cent fewer large lesions than unvaccinated, 
naturally infected sheep in group 3, it was concluded that vaccinated sheep with 
lesions have a decreased ability to spread CLA. This finding is supported by other 
work (Paton et al. 1993a) that shows that five  flocks with mean prevalences of CLA of 
44 per cent  in 1984 before a vaccination program was implemented, had an mean 
prevalence of CLA of 2.4 per cent in 1992. This is an mean decrease in the prevalence 
of CLA of 95 per cent. Chapter 5. The spread of Corynebacterium pseudotuberculosis infection  
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  The trend in CLA incidence in this study, being low for a number of shearings 
then suddenly and rapidly increasing (Table 5.3), is similar to that observed in other 
studies of natural infection in commercial sheep flocks (Robertson, 1980; Paton et al. 
1988). Natural spread of CLA in this study occurred with no significant CLA abscesses 
being seen discharging at any of five shearings during which close observation was 
carried out. 
  The only abscess observed to be cut during shearing was unlikely to have been a 
CLA abscess because it was watery, foul smelling and located on the brisket and had 
resolved between shearing and slaughter. CLA pus is creamy to caseated with no 
odour; abscesses tend to persist and are usually located in lymph nodes or viscera.  
The similar seroconversion rates recorded in eight  sheep shorn by each of three  other 
shearers, at the same time as that recorded in eight  sheep shorn after the only 
abscessed sheep observed, supports the observation that this was not a CLA abscess. 
  The absence of discharging CLA abscesses over five shearings in the face of a 
high transmission rate of C. pseudotuberculosis indicates other methods of spread were 
important. Environmental contamination or direct spread from lung lesions are the 
only known alternative mechanisms for spread of this disease.  If CLA spreads by 
C.pseudotuberculosis in faecal contamination of dust and in the shearing shed, then 
there should be an equal opportunity for the disease to spread through cuts at all 
shearings.  However, about 80 per cent of the spread of CLA in commercial flocks 
occurs at the second and third shearings (Chapter 3), and Robertson (1980) observed 
that the spread of CLA did not occur for a number of shearings and then incidence 
was high at a subsequent shearing.  In this study, 77 per cent of the sheep that 
seroconverted did so at the fourth and fifth shearings (Table 5.3). Dusty conditions in 
yards after shearing were not associated with high CLA incidence in a risk factor 
study of CLA incidence (Paton et al. 1993b).  It is therefore unlikely that environmental Chapter 5. The spread of Corynebacterium pseudotuberculosis infection  
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contamination with C. pseudotuberculosis or pus from discharging CLA abscesses are 
major sources of the spread of CLA. 
  These findings point to a major role for lung abscesses in the spread of disease in 
this study.  If a small number of sheep become infected by various routes before their 
second shearing, it would take some time for any lung lesions to-develop sufficiently 
in these sheep to discharge into the sheep's airways.  Robertson (1980) cultured 
C. pseudotuberculosis from the trachea of sheep with lung abscesses and the author and 
others have observed many lung abscesses discharging into airways in sheep. When 
this occurs, these sheep may be capable of spreading CLA to many other sheep at one 
shearing by aerosol contamination of skin cuts on uninfected sheep. This finding is 
consistent with observations in this and other studies (Robertson, 1980; Ellis et al. 1987; 
Paton et al. 1994).  
  The trends in mean TEIA and CEIA concentrations in vaccinated and 
unvaccinated sheep artificially or naturally infected (Figure 5.2) indicate both their 
usefulness and the significance of shearing in the spread of CLA. In unvaccinated, 
naturally infected sheep, the mean TEIA concentrations increased after each shearing 
indicating that considerable C.pseudotuberculosis exposure had occurred after this event 
(Figure 5.1).  The mean TEIA concentrations in vaccinated sheep also increased after 
shearing to higher concentrations than unvaccinated sheep. These higher 
concentrations of TEIA in vaccinated sheep could be expected, because the CLA 
vaccine is a toxoid preparation and therefore preferentially stimulates 
C. pseudotuberculosis toxin antibodies measured by this test. Higher concentrations of 
both TEIA and CEIA are seen after day 723 when CLA infection rate increased after 
the fourth and fifth shearing. CEIA seems to increase higher than TEIA after shearings 
in unvaccinated sheep. Chapter 5. The spread of Corynebacterium pseudotuberculosis infection  
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  In artificially infected sheep, the mean TEIA and CEIA concentrations before the 
first shearing were higher (Figure 5.2) than those recorded at any time in naturally 
infected sheep (Figure 5.1) because all sheep were infected at the same time. CEIA 
concentrations in artificially infected, vaccinated sheep were higher than those of 
unvaccinated sheep (Figure 5.2), which may indicate some stimulation of cell wall 
antibodies due to CLA vaccination. In naturally infected, unvaccinated sheep, CEIA 
concentrations increased faster than TEIA concentrations indicating that production of 
antibodies to CLA cell wall may precede production of CLA toxin antibodies in 
unvaccinated sheep. These cell wall antibodies also seem to decline faster than toxin 
antibodies as indicated in Figure 5.1 by increasing TEIA concentrations between days 
1020 and 1224, when CEIA concentrations are decreasing. The CLA TEIA and CEIA 
were found to be useful serological tests for the measurement of C. pseudotuberculosis 
transmission in a sheep population during this study.  The study produced evidence 
of a major role for lung abscesses in the spread of CLA in commercial sheep flocks. It 
also reinforced the role of vaccination against CLA in reducing the number and size of 
CLA lung abscesses, therefore reducing the potential of vaccinated infected sheep to 
spread this disease. 
 Chapter 6. Influence of post-shearing management on infection  
with Corynebacterium pseudotuberculosis in sheep flocks 
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CHAPTER 6 
Influence of post‐shearing management on infection with 
Corynebacterium pseudotuberculosis in sheep flocks 
The following is a modified version of the published paper: M.W. Paton, I.R. Rose, R.A. Hart, 
S.S. Sutherland, A.R. Mercy and T.M. Ellis (1996) Preventive Veterinary Medicine  
26: 275–284. 
6.1 Introduction 
  Identifying group risk factors that influence the incidence of CLA could assist in 
further reducing the prevalence of CLA in Australian sheep flocks.  A serological 
study of the incidence and age prevalence of CLA in commercial sheep flocks showed 
that approximately 85 per cent of CLA spread occurs at the second and third shearings 
(Paton et al. 1988).  This finding implies that the annual incidence of CLA in a 
commercial sheep flock can be estimated by measuring the incidence in l- and 2-year-
old sheep between shearing and about five months post shearing. 
  In most Australian sheep flocks, sheep are kept in groups of the same age.  This 
study identified factors that are associated with a high incidence of CLA by examining 
changes in the immune status of 60 sheep in each of 126 age groups of 1- and 2-year-
old sheep in 70 commercial flocks.  The incidences estimated from these changes were 
used as the dependent variable in an analysis using management and environmental 
factors occurring around shearing as independent variables. Chapter 6. Influence of post-shearing management on infection  
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6.2 Materials and methods 
6.2.1 Flock selection 
  A prospective study examining factors associated with CLA sero-incidence was 
performed.  Seventy flocks with varying prevalence of CLA were chosen from a total 
of 412 flocks that had the prevalences of 4 to 6-year-old ewes with CLA lesions in 
groups of cull-for-age ewes assessed during routine inspection at three Western 
Australian abattoirs (ABPREV) (Paton, 1992).  In Figure 6.1 the prevalence estimates 
for CLA in flocks chosen for this study is shown. 
  Flocks were not used in the study if it was likely that the sampled sheep could 
be sold in the six months following shearing, if the sheep from which the flock 
prevalence was derived had been brought into the flock at more than 12 months of age 
or if CLA vaccine had ever been used in the age group used for the study.  Flocks were 
chosen on availability and the above criteria until 70 flocks were obtained. 
6.2.2 Data collection 
  A questionnaire was filled out at the time of the initial blood sampling by 
interviewing the manager of the sheep.  These 70 interviews were carried out by the 
same trained technician.  The questionnaire recorded aspects of shearing and 
post-shearing management occurring at that time.  Environmental factors (Table 6.1) 
existing at shearing were measured at this time.  Cloud cover (CLOUD) was rated on a 
scale of 1 to 4 indicating total to nil cloud cover.  Dust in yards (DUST) was also rated 
on a scale of 1 to 4 for from nil to extreme dust.  Midday humidity (HUM) was 
measured at midday in the yards with a whirling hygrometer (aspirated 
psychrometer.  Midday temperature (TEMP) was measured with the same instrument. 
Yard quality (QHY) was rated on a scale of 1 to 4 from poor to excellent.  The severity 
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group.  Each sheep was rated from 1 (slight cuts-there are no sheep with no cuts) to 4 
(severe cuts-more than one cut over 3 cm long) and a whole number average of the 10 
sheep was calculated.  Five months after shearing the manager was asked questions 
about aspects of post-shearing management that occurred after the day of shearing, 
e.g. dipping and supplementary feeding. 
  Some variables were used in the form in which they were collected (Table 6.1).  
For example, midday humidity (HUM) recorded at the time of shearing, was included 
as a continuous variable.  Other variables were transformed according to the spread of 
values recorded (Table 6.1).  For example the mean body condition score of the age 
group (BCS) was determined by scoring 10 randomly selected sheep on a l to 5 scale 
and taking the mean. BCS was dichotomised into mobs with an mean score of 2 or 
below and those with an mean score above 2. 
6.2.3 Serology 
  Sheep in their second and third years (l- and 2-year-old sheep) run in age 
groups, were individually identified and blood sampled on the day of shearing, and 
again five months later.  The number of sheep with a concentration of < 20 ELISA 
units (Ellis et al. 1987) to the CLA toxin ELISA (TEIA) (Sutherland et al. 1987) at the 
initial blood test was used as the denominator for calculating the incidence of CLA.  
The proportion of these sero-negative sheep that rose by > 20 ELISA units 
(seroconverted) to the TEIA at the second  blood test, five  months following shearing, 
is an estimate of the incidence of CLA in that age group (Paton et al. 1994). 
  The sero-prevalence of CLA in each age group before shearing (AGEPREV) was 
calculated by determining the proportion of sheep with a TEIA of greater than 30 units 
at the initial blood sampling.  This variable and ABPREV were included as 
independent variables in the analysis. Chapter 6. Influence of post-shearing management on infection  
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6.2.4 Statistical analysis 
  A screening procedure was used to select management and environmental 
variables more likely to be associated with the incidence of CLA.  The incidence of 
CLA in each age group was not normally distributed (Figure 6.2).  It was categorised 
into low and high around its median (5.5%) and used as the dependent variable. Each 
variable was analysed against the dichotomised incidence of CLA, either by chi-square 
or one way analysis of variance and those with P ≤ 0.2 in either age group were 
retained for further analysis (Table 6.1). 
  The correlation matrices of variables selected by screening were examined for 
collinearity and no two variables had r values of greater than 0.4 and therefore all 
were included in multivariate analysis.  Independent variables were available for 
inclusion in a dichotomous forward stepwise logistic regression (DSLR) model using 
BMDP Dynamic Release 7.0 (BMDP Statistical Software Inc., Los Angeles, CA, W.J. 
Dixon (Editor), 1992).  ABPREV was included in the DSLR with and without 
AGEPREV to determine the comparative effects of flock and age group estimates of 
the prevalence of CLA. A polychotomous stepwise logistic regression (PSLR) 
procedure was also performed on the same data using CLA incidence divided into 
three  groups (0%, > 0–5% and > 5%) giving low, medium and high incidence groups 
as a dependent variable.  The adjusted P value for inclusion of each variable in the 
model was 0.1 while 0.15 was set as the adjusted P value to remove.  
  The BMDP program provides assessments of the fit of the model after each 
variable is added, allowing a comparison of the improvement to the model that each 
variable makes.  The probability (P) value of the goodness-of-fit chi-square is the 
measure given for this model assessment.  Chapter 6. Influence of post-shearing management on infection  
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6.3 Results 
  The median flock size in this study was 4350 sheep (range 540–32 000).  These 70 
flocks were spread throughout the agricultural area of south western Western 
Australia, from Northampton in the North to Albany in the South to Esperance and 
Salmon Gums in the East. One- and 2-year-old sheep were not assessed in every flock 
as some age groups had either been sold or had been vaccinated at some time.  
Fifty-eight l-year-old age groups and 68 2-year-old age groups were assessed.  The 
mean resampling rate of the ewes at second blood sampling was 86 per cent.  The 
ABPREV in these flocks varied from 0 per cent to 98 per cent with an mean of 47 per 
cent (Figure 6.1).  This mean is very close to the state mean in unvaccinated flocks of 
45 per cent measured during this period (Paton, 1997). Fifty-two per cent of the flocks 
were shorn in the months July to October.  The mean seroincidence in the l-year-old 
age groups was 15 per cent which was not different (P = 0.63) from the mean of 17 per 
cent in 2-year-old age groups (Figure 6.2). 
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Figure 6.1.  Frequency distribution of 70 flocks used in this study falling into 10 
percentile prevalence intervals for sheep with CLA lesions in a sample of 50 ‘cull-for-
age’ ewes inspected in an abattoir. Chapter 6. Influence of post-shearing management on infection  
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Table 6.1.  Variables measured at shearing or recorded by questionnaire with description of 
variables and the form in which variables were used in analysis. Environmental data such as 
humidity and temperature were measured physically on the day of shearing 
Value 
name 
Description 
Categories / 
variable type 
Highest/lowest % 
of total in any 
one category 
BCS
a  Average body condition score (sample of 
10) 
≤  2 / > 2  59 / 41 
CLOUD  A rating for cloud cover (total cover to nil 
cover)  
Four 
Categories 
29 / 19 
DIP
a  Was a shower dip used after shearing?  N / Y  89 / 11 
DUST  A rating for the dust in the air (nil to 
extreme) 
Four 
Categories 
60 / 9 
HUM Midday  humidity  Continuous  - 
MERSTR  Principal breed or strain of the flock  Merino / other  37 / 11 
NOLSH  No. of older sheep shorn before this age 
group  
Continuous - 
NSF  Number of sheep in flock  Continuous  - 
NSSH  Number of sheep shorn at this shearing  Continuous  - 
OHP
a  Did any other health problems occur in 
the 5 months after shearing 
Y / N  89 / 11 
OLSHIB  Were older sheep shorn immediately 
before? 
Y / N  58 / 42 
OPEN  Time spent in yards in open after shearing  ≤ 4 h / > 4 h  75 / 25 
QHY  Quality of holding yards (poor to 
excellent) 
Four categories  37 / 13 
SR1MAS  Stocking rate 1 month after shearing   Continuous  - 
SSC  Average severity of shearing cuts  Three 
categories 
44 / 19 
SUPP
a  Were sheep fed supplementary feed by 
mechanically spreading  
Y / N  58 / 42 Chapter 6. Influence of post-shearing management on infection  
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Value 
name 
Description 
Categories / 
variable type 
Highest/lowest % 
of total in any 
one category 
TEMP Midday  temperature  Continuous  - 
TLTAS  Time lice treatment was applied after 
shearing 
Continuous - 
TUCBS
a  Time spent under cover before shearing  ≤ 4 h / > 4 h  23 / 77 
TY5AS  Time in yards in the 5 months following 
shearing 
Continuous - 
TYAD  Time in yards after shower dipping   Continuous  - 
UNDER
a  Time spent under cover after shearing  ≤ 1 h / > 1 h  74 / 26 
WET  Were sheep were noticeably wet in the 
yards after shearing 
N / Y  83 / 17 
WIND  Wind speed when sheep are blood 
sampled 
Continuous - 
WS  What was the main source of water 
supply (trough or other) 
Two categories  83 / 17 
a  P ≥  0.2; variable advanced to multivariate modelling. 
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Table 6.2.  Odds ratios and their 95% confidence intervals for independent variables 
included in dichotomous stepwise logistic regression model, using CLA sero-incidence 
(categorised into two groups) as the dependent variable and improvement-chi-square and 
goodness-of-fit P values 
Variable Description 
Odds 
ratio 
Lower 
95% 
CL 
Upper 
95% 
CL 
Improvement 
chi-square 
(P) 
Goodness- 
of-fit (P) 
CONSTANT    0.36  0.19  0.67  0.002 
AGEPREV  Sero-prevalence 
of CLA in age 
group measured 
before shearing 
1.1 1.0  1.2  0.000  0.0065 
DIP  Sheep were shower 
dipped after 
shearing 
6.3 1.5  27  0.018  0.12 
SUPP  Sheep were trail 
fed supplementary 
feed 
0.18 0.04  0.81  0.026  0.19 
UNDER  Sheep spent > 1 h 
under cover after 
shearing 
2.8 1.1  7.2  0.033  0.27 
  Results of the DSLR and PSLR are shown in Tables 6.2 and 6.3.  The odds for 
each 10 per cent increase in AGEPREV in both models was 2.6.  Shower dipping 
increased the odds of having a higher CLA incidence by 5.2 to 6.3 times.  Keeping 
sheep under cover for one hour or more after shearing (UNDER) increased the odds of 
high CLA incidence by 2.7 to 2.8 times.  The mean CLA incidence in sheep kept under 
cover for less than  one  hour after shearing was 13.2 per cent which is less (P = 0.006) 
than the 23.3% mean of sheep kept under cover for one hour or more after shearing. 
  Odds ratios (ORs) in Tables 6.2 and 6.3 indicate that supplementary feeding of 
sheep, by mechanically spreading out the feed on the ground in a paddock, after Chapter 6. Influence of post-shearing management on infection  
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shearing (SUPP) decreases the odds of high CLA incidence by 3.8 to 5.5 times.  
However, when the l- and 2-year-old sheep were examined separately the unadjusted 
ORs were 2.3 for the l-year-old and 0.02 for the 2-year-old sheep. 
  When ABPREV was added to the final models both, instead of, and in addition 
to, AGEPREV; including ABPREV or substituting it for AGEPREV produced models 
with lower goodness-of-fit chi-squares (0.004 for DSLR and 0.020 for PSLR when 
ABPREV was substituted and 0.200 for DSLR and 0.884 for PSLR when AGEPREV and 
ABPREV were included). 
Table 6.3.  Odds ratios and their 95 per cent  confidence intervals, for independent variables 
included in stepwise polychotomous stepwise logistic regression model, using CLA 
incidence (categorised into three groups), as the dependent variable and improvement-chi-
square and goodness-of-fit P values 
Variable Description 
Odds 
ratio 
Lower 
95% 
CL 
Upper 
95% 
CL 
Improvement 
chi-square 
(P) 
Goodness-
of-fit (P) 
CONSTANT 1   1.6  0.88  2.8     
CONSTANT 2   0.36  0.20  0.65  0.021   
AGEPREV  Sero-prevalence 
of CLA in age group 
1.1 1.0 1.2  0.000  0.7 
SUPP   Sheep were trail fed 
supplementary feed 
0.26 0.091  0.76  0.026  0.79 
DIP  Sheep were shower 
dipped after 
shearing 
5.2 1.3  27  0.04  0.85 
UNDER  Sheep spent > 1 h 
under cover after 
shearing 
2.7 1.1 6.4  0.02  0.91 Chapter 6. Influence of post-shearing management on infection  
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The ORs for ABPREV in these models were 1.02 for the dichotomous models and 1.0 
for the polychotomous models. 
6.4 Discussion 
  Many potential risk factors were examined and the methods used may identify 
some risk factors as being significant due to chance.  It is therefore necessary to look at 
the biological plausibility of any relationships suggested by these ORs, other evidence 
for the existence of such relationships and the consistency of results using different 
analytical methods to assess their practical importance. 
  The mean incidence of CLA was not different between age groups and since no 
biological plausibility for differences between these age groups existed, effects of age 
were not further examined.  Age group incidences were therefore treated as one 
dependant variable.  Although flocks with a broad range of prevalences of CLA were 
chosen for this study, the incidences recorded in these flocks were skewed towards 
zero and included a large number of zeros. Logistic regression was therefore the 
method of analysis chosen for this study.  Possible disadvantages of this method are 
that some of the variability in the incidence data is lost or the assumption of equal 
risks moving between levels in the PSLR model may not be true.  However, this did 
not appear to give misleading results as two other forms of analysis (DSLR and 
analysis of variance for unadjusted variables) showed similar findings.   
  Increases in CLA risk from shower dipping and being under cover in close 
contact are both biologically plausible but the effect of distributing supplementary 
feed has no obvious biological explanation.  However, when the l- and 2-year-old 
sheep were examined separately unadjusted odds ratios were 2.29 for the l-year-old 
and 0.02 for the 2-year-old sheep, so this association may be viewed with some 
scepticism. Chapter 6. Influence of post-shearing management on infection  
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  The variables ABPREV and AGEPREV are both estimates of the prevalence of 
CLA present in the flocks or age groups before the CLA incidence was measured.  The 
percentage of sheep in an age group already exposed to CLA (AGEPREV) would 
logically have some effect on the percentage of new CLA infections.  If environmental 
contamination of shearing cuts is important in spreading CLA, then an overall flock 
estimate may be equally important in defining the risk of CLA incidence. ABPREV 
would be a little less correlated with CLA seroincidence in groups of young ewes than 
AGEPREV.  This was reflected by models including ABPREV having lower 
goodness-of-fit P values compared with models without ABPREV. 
  The influence of shower dipping on CLA incidence (CLA) may be explained by 
the ability of the CLA organism to persist and spread in either recycled (shower dip) 
or reused (plunge dip) dip wash.  Nairn and Robertson (1974) demonstrated that CLA 
could spread via dips even when sheep were dipped two weeks after shearing.  
Evidence of CLA spread through dips to sheep six months after shearing supports this 
(Paton et al. 1995). 
  As CLA spreads mostly at shearing (Paton et al. 1988; Chapter 3) and can spread 
without external abscesses being cut during shearing (Ellis et al. 1987; Chapter 5), it is 
likely that aerosol spread from discharging lung abscesses onto shearing cuts on the 
skin of uninfected sheep may be important in the spread of CLA after shearing.  The 
effect of keeping sheep for a longer time under cover after shearing in increasing the 
odds of higher CLA may be explained by this mechanism of spread.  If sheep are 
under cover, in close contact, in covered yards, for a greater time after shearing, away 
from wind and ultraviolet light exposure, then this may improve the opportunity for 
successful C. pseudotuberculosis aerosols to spread to skin cuts. 
  Supplementary feeding after shearing was measured to see if the resultant closer 
contact between sheep after shearing led to increased CLA spread. However, the Chapter 6. Influence of post-shearing management on infection  
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combined age group OR recorded for SUPP indicates that this feeding was protective.  
This relationship is difficult to explain and as the OR is actually protective only for 
1-year-olds and causative for 2-year-old sheep, it must be treated with some 
scepticism. 
  The association between AGEPREV and CLA seems to be of little practical use in 
controlling CLA spread, as producers are not likely to know the sero-prevalence of 
CLA in their l- and 2-year-old sheep.  However, ABPREV is an estimate of CLA flock 
prevalence that producers can obtain from abattoirs.  The relationship between 
ABPREV and CLA can be used to compute the economic risk of losing wool 
production due to CLA infection in 1- and 2-year-old sheep as sheep with new CLA 
infection have a reduction of four to seven per cent in clean wool production (Paton, 
1992). 
  Estimates of the incidence of new disease in these flocks compared with the 
projected prevalence in cull ewes confirmed that approximately 75 per cent of the new 
CLA infection was occurring in these two age groups.  The total mean incidence in 
these 70 flocks was 32 per cent in the interval after shearing between blood tests. It is 
likely, given previous research (Chapter 5), that approximately 80 per cent of these 
sheep will develop CLA lesions.  So approximately 26 per cent of the sheep will 
develop lesions as indicated by the measured seroincidence.  The projected 
prevalences for three to four years time, when most of these sheep will be slaughtered, 
for these unvaccinated flocks, can be estimated to be 35 per cent (Paton et al. 1994).  
This means that approximately 75 per cent of the lifetime incidence of CLA in these 70 
flocks was observed in the 5 months after shearing in these two age groups measured 
in this research.  This is similar to the 80 per cent estimate for the same age groups 
from a study of five flocks (Chapter 3). Chapter 6. Influence of post-shearing management on infection  
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  The importance of CLA spread within age groups is supported by AGEPREV 
having a greater influence in the polychotomous than the dichotomous model.  This is 
illustrated by the improvement for the chi-square P value for this variable: 0.07 in the 
dichotomous model but 0.71 in the polychotomous model.  In the polychotomous 
model, zero values for CLA are in a separate category. AGEPREV has a larger effect on 
making this model more explanatory, probably because age groups with a zero 
AGEPREV are much more likely to have a zero incidence of CLA rather than just a 
low (< 5.5) CLA incidence.  This supports the hypothesis that CLA spread from 
sources outside the age group does not have an important effect on CLA incidence 
and spread is mostly within groups shorn together (in this case, age groups).  
  Some variables that were not associated with CLA incidence are worthy of 
discussion.  The mean severity of shearing cuts could have been expected to influence 
CLA incidence.  The lack of any relationship may either be due to a consistent severity 
of shearing cuts which are sufficient for CLA spread, or that expectorated CLA 
organisms on the skin surface are sufficient for spread. Study of spread of CLA in dips 
(Nairn and Robertson, 1974) indicates that CLA can spread through skin without cuts.  
The amount of dust in the air also did not influence the incidence of CLA.  This 
supports the finding (Chapter 5) that spread of CLA in Australian sheep production 
systems mostly occurs within groups of sheep shorn together and not from 
environmental contamination sources. 
  Possibly the most important relationship identified by this study is the 
association of a high incidence of CLA to using shower dips.  In the early 1990s 
shower dipping was becoming more prevalent in programs to control sheep lice 
(Bovicola ovis) throughout Australia (Plant, 1993), and is likely to have affected CLA 
incidences in flocks that used this method of lice treatment.  This variable had Chapter 6. Influence of post-shearing management on infection  
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significant ORs in both DSLR and PSLR models. This emphasises the need for CLA 
control by effective vaccination programs in flocks using shower dipping. 
  The effect of keeping sheep under cover after shearing also seems important as it 
had consistent effects: the mean CLA incidence in sheep kept under cover for one   
hour or more after shearing was nearly double those that were not.  The association 
between the longer time undercover after shearing and higher CLA incidence may 
support the introduction of automatic sheep counting procedures to replace small 
post-shearing holding pens for each shearer.  This may help to further decrease CLA 
spread. 
  This study did not examine the effect of CLA vaccination programs on CLA 
incidence and therefore it was not possible to estimate the effects of the prevalence of 
CLA in cull ewes, avoiding shower dipping or running sheep directly into yards  after 
shearing, on CLA incidence when a vaccination program is also being used. 
  Farmers can use information on the prevalence of CLA in their cull ewes, their 
dipping practice and where sheep are held after shearing, to reduce their odds of high 
CLA occurrence.  This information may assist sheep producers to control CLA in their 
flocks. 
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CHAPTER 7 
Effect of the interval between shearing and dipping on the 
spread of Corynebacterium pseudotuberculosis infection in 
sheep 
The following is a modified version of the published paper: M.W. Paton, N.B. Buller, I.R. Rose 
and T.M. Ellis Australian Veterinary Journal (2002) 80: 494–496. 
7.1 Introduction 
  Paton (1997) demonstrated that there had been a decrease in the prevalence of 
CLA in unvaccinated Western Australian flocks since the mid 1980s following the 
cessation of compulsory dipping for lice and the study reported in Chapter 6 provides 
a possible rationale for this.  The results of the experiments in Chapter 6 demonstrated 
that shower dipping increased the risk of high CLA incidence sixfold. 
  A pilot experiment (Paton unpublished) examined CLA infection rates in sheep 
dipped with different concentrations between 2.5 and 3 x 10
3 organisms/mL of 
C. pseudotuberculosis added to dipping fluid. The same rate of infection (greater than 
30%) was found in sheep that were dipped, whether the concentration of 
C. pseudotuberculosis in dips was 25 organisms/mL or 3 x 10
3 organisms/mL. 
  The spread of CLA through shearing cuts (Chapter 3)
 in dips may be minimised 
by dipping sheep after cuts have healed. The experiment outlined in this chapter 
examined whether the interval between shearing and dipping influenced the 
proportion of sheep affected with CLA. Chapter 7. Effect of the interval between shearing and dipping on the  
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7.2 Materials and methods 
  Blood samples were collected from 200 ewes aged two and three years, from a 
flock not vaccinated against CLA. The prevalence of CLA in cull ewes in the previous 
three years had been zero to two per cent in this flock.  Five sheep were excluded from 
the study because their CLA toxin antibody concentrations were > 10 ELISA units 
(Chapter 4),
 indicating possible previous contact with CLA.  The remaining sheep 
were randomly allocated to four treatment groups, with treatment group 1 comprising 
48 sheep and the other three treatment groups 49 sheep.  The sheep were shorn eight 
 weeks, four  weeks, two  weeks and immediately before all groups were dipped at the 
same time using a Buzzacott 30R
® (Buzzacott, NSW) shower dip, in treatment groups, 
using diazinon (Top Clip Blue
®, Ciba-Geigy Ltd Australia) at the recommended 
concentration. 
  A Western Australian isolate of C. pseudotuberculosis was inoculated into sterile 
nutrient broth containing one per cent horse serum and incubated with agitation 
overnight at 37°C.  A viability count was performed and the concentration adjusted so 
that a 100 mL volume added to 500 L sheep dip solution gave a final concentration of 
275 cells per mL.  Sheep were dipped in batches of 25 and a fresh bacterial inoculum 
was added to the sump for each batch.  The dip was operated for one minute without 
sheep to mix CLA organisms in the dipping solution, and then sheep were dipped for 
five minutes.  The dip was completely emptied and flushed between treatment 
groups.  A sample was taken from the dipping fluid after each mixing and dipping 
and viable counts of organisms determined. 
  Treatment groups were kept separated in small paddocks following dipping and 
blood samples were taken six weeks after shearing to estimate the number of sheep 
infected with C. pseudotuberculosis, as a result of dipping, using the CLA toxin and cell 
wall ELISA tests.  Sheep were then all run together for an additional six weeks in a Chapter 7. Effect of the interval between shearing and dipping on the  
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paddock where sheep occasionally escaped through fences.  Sheep were slaughtered, 
blood samples taken and their carcasses examined for CLA lesions (Paton et al. 1988),
 
84 days after dipping.  Some sheep had complete serology records but slaughter 
records were missing whereas some sheep had slaughter records but incomplete 
serology records (see Tables 7.1 and 7.2). 
  An additional 14 sheep were slaughtered to determine their prevalence of CLA.  
These sheep had been shorn six months earlier and were used to mix 
C. pseudotuberculosis organisms evenly in a dip between groups of sheep in the pilot 
experiment to determine the optimum concentration of C. pseudotuberculosis to cause 
consistent CLA infection (Paton unpublished).  This group of sheep were repeatedly 
exposed to different concentrations of C. pseudotuberculosis in dips for a total of five 
minutes. 
  Differences in the prevalence of CLA among groups of sheep were analysed 
using chi square test for independence. Analysis of differences in serological values 
was done using analysis of variance and differences in numbers of lesions were 
compared by using Kruskal-Wallis one-way analysis of variance. 
7.3 Results 
  The number of sheep found with CLA lesions at slaughter from the groups 
dipped zero, two, four, eight and 24 weeks after shearing are shown in Table 7.1.  
Eighteen sheep escaped from the paddock and were lost to the experiment before 
slaughter.  The percentage of sheep with CLA lesions was not different (P = 0.87) 
between groups.  However, a larger percentage of sheep, dipped immediately after 
shearing, seroconverted to the toxin of C. pseudotuberculosis than sheep dipped later 
(P < 0.001) (Table 7.2).  This seroconversion was measured with ELISA (concentrations 
that rose by > 30 units), at 42 days after dipping.  The percentage of sheep dipped Chapter 7. Effect of the interval between shearing and dipping on the  
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immediately after shearing that seroconverted to the cell wall of C. pseudotuberculosis 
was also larger (P < 0.001).  Neither the toxin nor cell wall ELISA tests showed 
significant differences in the rate of seroconversion between sheep that were dipped 
two , four  and eight  weeks after shearing (toxin P = 0.41, cell wall P = 0.19). 
  The serological responses of sheep to exposure to C. pseudotuberculosis in dips are 
shown in Figures 7.1 to 7.3.  The concentrations of toxin and cell wall antibody were 
higher at 42 and 84 days after exposure to C. pseudotuberculosis in sheep dipped 
directly after shearing, than in sheep dipped two , four  and eight  weeks after 
shearing (toxin and cell wall day 42 and toxin day 84, P < 0.001, cell wall, day 84, 
P = 0.035).  Toxin and cell wall antibody concentrations decreased between day 42 and 
day 84 except for cell wall antibody concentrations in sheep dipped two weeks after 
shearing. 
  Mean toxin and cell wall antibody concentrations in sheep in all groups 
increased after dipping. At days 42 and 84 mean antibody concentrations were higher 
in sheep that had CLA lesions at slaughter on day 84 (day 42 - toxin P = 0.025, cell wall 
P = 0.008) (day 84 - toxin P = 0.002, cell wall P = 0.045). 
  The mean number of lesions in lymph nodes was higher for sheep that were 
dipped immediately after shearing compared to that in sheep dipped two  or more 
weeks after shearing (P = 0.005) (Table 7.1).  The mean number of lung lesions were 
not different between groups (P = 0.33).  The number of sheep with any lesions that 
had either lymph node lesions or lung lesions did not vary with the number of days 
after shearing when sheep were dipped (lymph node lesions P = 0.70, lung lesions 
P = 0.84). Chapter 7. Effect of the interval between shearing and dipping on the  
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Table 7.1.  Number of sheep with CLA lesions and mean number of abscesses 
Interval between 
shearing and 
dipping (weeks) 
n 
No. with 
lesions (%) 
Mean number 
of abscesses in 
lymph nodes 
Mean number of 
abscesses in lung 
0 41  24  (59%)  3.3
A 4.3
 
2 44  22  (50%)  1.8
B 2.8
 
4 47  25  (53%)  2.4
B 2.4
 
8 43  24  (56%)  1.5
B 2.7
 
24 14  8  (57%)  1.5
B 0.5
 
Values in columns with a different superscript are different (P < 0.05). 
Table 7.2.  Number of sheep dipped at different intervals after shearing, which 
seroconverted between dipping and day 42 after dipping  
No. of weeks 
between dipping 
and shearing 
No. seronegative 
sheep 
No. seropositive 
sheep 
Per cent 
seropositive 
sheep 
0 3  38  93
A 
2 17  24  59
B 
4 26  25  49
B 
8 25  19  43
B 
Seroconversion was when a sheep’s C. pseudotuberculosis toxin ELISA concentrations increased by 
> 30 units. 
Values in column with a different superscript are different (P < 0.05). 
7.4 Discussion 
  The time between shearing and dipping did not affect the proportion of sheep 
developing CLA lesions as a result of exposure to C. pseudotuberculosis in dipping 
fluid.  This finding included sheep dipped six  months after shearing, which although 
being exposed to a greater dose of C. pseudotuberculosis, also had a similar prevalence Chapter 7. Effect of the interval between shearing and dipping on the  
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of infection to sheep dipped zero  to eight  weeks after shearing.  Sheep dipped 
immediately after shearing had more lesions in lymph nodes than sheep in other 
groups.  However, sheep in all groups had similar numbers of lung abscesses.  Since 
lung abscesses are much more important than lymph node abscesses for spreading 
CLA to other sheep (Chapter 5), it is unlikely that sheep infected in dips immediately 
after shearing have an increased ability to spread the disease. 
  A larger proportion of sheep dipped immediately after shearing was positive to 
the C. pseudotuberculosis toxin ELISA when slaughtered 84 days after dipping, than 
sheep dipped two to eight weeks after shearing.  However, the proportion of sheep 
with CLA lesions did not differ between these groups. Two hypotheses may explain 
these findings.  Firstly sheep with fresh skin cuts dipped immediately after shearing 
have more non-specific inflammatory changes at the sites of these cuts and phagocytic 
uptake of bacteria including C. pseudotuberculosis may enhance antigen presentation to 
the immune system resulting in stronger antibody responses to C. pseudotuberculosis in 
this group.  In this study, although a larger proportion of the freshly shorn sheep had 
seroconverted to C. pseudotuberculosis toxin, a smaller proportion of these seropositive 
sheep developed C. pseudotuberculosis lesions than sheep that had healed or healing 
shearing cuts when dipped.  It is possible that the non-specific inflammatory response 
associated with skin cuts provides more potent antibody trapping and presenting 
cells.  These cells more efficiently present antigen to initiate antibody responses but 
may also present more effective T-cell stimulation that activates or enhances 
intracellular killing by macrophages.  This mechanism could, therefore increase 
intracellular killing of phagocytosed C. pseudotuberculosis. 
  Secondly, in healed or healing skin with already programmed granulation tissue 
and collagen formation, the requirement for good antigen presentation and immune 
effector mechanisms is less than in acutely damaged skin.  The macrophages in the Chapter 7. Effect of the interval between shearing and dipping on the  
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skin when healing is advanced are less likely to be activated by cytokine activity than 
they are in acutely damaged skin.  Therefore, it would be more likely for these 
macrophages to phagocytose C. pseudotuberculosis but not kill them intracellularly and 
hence spread infection to regional lymph nodes and then to the lungs. 
 
Figure 7.1.  Mean concentrations of C. pseudotuberculosis cell wall antibody measured 
with ELISA from dipping (Day 0) to slaughter (Day 84) for groups dipped 
immediately (—), 2 weeks (– –), 4 weeks (---) and 8 weeks (– - –) after shearing. Chapter 7. Effect of the interval between shearing and dipping on the  
spread of Corynebacterium pseudotuberculosis infection in sheep 
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Figure 7.2.  Mean concentrations of C. pseudotuberculosis toxin antibody measured with 
ELISA from dipping (Day 0) to slaughter (Day 84) for groups dipped immediately  
(—), 2 weeks (– –), 4 weeks (---) and 8 weeks (– - –) after shearing. 
 
Figure 7.3.  Mean concentrations of C. pseudotuberculosis cell wall and toxin antibody 
measured with ELISA from dipping (Day 0) to slaughter (Day 84) for sheep that had 
no CLA abscesses (cell wall (—) and toxin [– - –]) or had CLA abscesses (cell wall [– –] 
and toxin [---]) at slaughter, 84 days after dipping. Chapter 7. Effect of the interval between shearing and dipping on the  
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  It is possible that the larger proportion of sheep seroconverting to 
C. pseudotuberculosis toxin may result in sheep producing less wool as a result of 
C. pseudotuberculosis exposure.  Other research has shown seroconversion to 
C. pseudotuberculosis to be the best indicator of lower wool production due to CLA 
(Chapter 4).  Sheep dipped immediately after shearing had more lymph node lesions 
than sheep with healing or healed shearing cuts.  However, this treatment group had a 
similar proportion of sheep with lymph node or lung lesions.  The lesion distribution  
indicates that the route of infection for all sheep in this experiment was through the 
skin.  The mechanism of C. pseudotuberculosis penetration through the skin, in sheep 
being dipped without skin cuts is not known, but sheep are known to lose some of 
their protective wool grease because of wetting agents in dips.  It is conceivable that 
these chemicals break down the sheep’s skin defences to some degree allowing 
C. pseudotuberculosis to gain entry through the skin. 
  Previously it has been thought that increasing the time between shearing and 
dipping may decrease CLA infection due to dipping.  This study indicates that 
increasing the interval between shearing and dipping does not prevent CLA spread.  If 
sheep are dipped, vaccination against CLA should be practised. 
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CHAPTER 8 
Prevalence of Caseous lymphadenitis and usage of caseous 
lymphadenitis vaccines in sheep flocks 
The following is a modified version of the published paper: M.W. Paton, S.B. Walker, I.R. Rose, 
and G.F. Watt. Australian Veterinary Journal (2003) 81: 91–95. 
8.1 Introduction 
  The mean prevalence of CLA in Western Australian adult sheep has decreased 
since it was first measured in 1973 at 58 per cent (Nairn and Robertson, 1974) and in 
1984 at 53 per cent (Batey, 1986a) to about 27 per cent in 1993 (Paton et al. 1993a).  
Although this appears to be a pleasing decrease, another study (Paton 1997) also 
found that the prevalence of CLA in lines from flocks in which vaccination was not 
used had decreased to approximately 35 per cent.  This indicates that the decreases in 
the prevalence of CLA in vaccinated flocks are not entirely due to vaccination.  The 
study of the prevalence of CLA in 1993 also indicated that, only vaccination programs 
that followed the manufacturer’s recommendations produced a low prevalence of 
CLA.  A recommended CLA vaccination program constitutes two priming doses 
(without being specific about their timing) to lambs and yearly boosters to adult sheep 
throughout their life. 
  The study outlined in this chapter was carried out to assess the adoption of 
vaccination programs to control CLA in sheep killed at selected abattoirs in three 
Australian States.  The study compared the prevalence of CLA in lines of adult sheep 
from flocks using a range of vaccination programs to control CLA.  It also assessed the 
producers’ knowledge of CLA, the source of and application of this knowledge and Chapter 8. Prevalence of Caseous lymphadenitis and usage of  
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sought information about management factors on the farms associated with the 
prevalence of CLA. 
8.2 Materials and methods 
  Participants in the study were those who responded to a questionnaire 
(Appendix 1) sent to managers of flocks from which lines of adult sheep were 
inspected at selected abattoirs.  This questionnaire was pre-trialed by five farmers in 
Western Australia (WA).  These lines were examined in four abattoirs in New South 
Wales (NSW), (Dubbo, Goulburn, Blayney and Mudgee) one in Victoria (VIC) (Ararat) 
and two in (WA) (Linley Valley and Katanning).  The NSW abattoirs included the two 
largest export mutton works in NSW (Dubbo and Goulburn) and two of the smaller 
operations in that state.  The WA abattoirs were the only ones with export mutton 
licences at the time of the study.  The Ararat abattoir in VIC may not have been as 
representative as other abattoirs in VIC but lines inspected were from the main sheep 
growing areas in VIC.  Veterinarians employed by the Australian Quarantine and 
Inspection Service (AQIS) identified lines of more than 50 adult sheep.  Fifty 
sequential carcasses in each line were then assessed by standard AQIS techniques 
(Export Meat Manual Volume 3, Australian Quarantine and Inspection Service, 2002).  
The number of infected carcasses was recorded and an estimate of the prevalence of 
CLA in the flock of origin and the 95 per cent confidence intervals were calculated. 
  Questionnaires were mailed to the last owner or manager of each of the lines of 
sheep.  These questionnaires had 34 questions about vaccination practices, producer 
knowledge and management practices relating to CLA.  The questionnaire is shown in 
Appendix 1.   The producers were informed that they would be given the prevalence 
of CLA recorded in their flock, upon receipt of the completed questionnaire.  Chapter 8. Prevalence of Caseous lymphadenitis and usage of  
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  The mean and confidence intervals for the mean prevalence of CLA in each state 
were calculated assuming normal distribution using @Risk (Version 3.5.2 Palisade 
Corp. Newfield, NY USA) using the number of sheep per line and the number of lines 
assessed.  Numerical results such as prevalence comparisons were analysed using one-
way analysis of variance. 
8.3 Results 
8.3.1 Characteristics of the population 
  One hundred and forty-four questionnaires from NSW, 45 from VIC and 34 from 
WA were included in the study (Table 8.1). The response to the questionnaires was 63, 
85 and 71 per cent in NSW, VIC and WA respectively.  The mean prevalence of CLA of 
all lines recorded for this study at abattoirs compared to that on farms from which a 
questionnaire was returned did not vary by more than one per cent.  The prevalence of 
CLA in lines recorded at abattoirs was 31 per cent in NSW, 23 per cent in VIC and 21 
per cent in WA whereas that on farms from which questionnaires were returned was 
32 per cent in NSW, 22 per cent in VIC and 20 per cent in WA.  Only data from lines 
from flocks of which managers returned questionnaires were used in this study.  Of 
the 223 flocks in this study, 95 per cent had at least one CLA affected sheep in the line 
that was inspected (NSW 97%, VIC 91% and WA 88%).  Of the lines inspected, 60 per 
cent of sheep were five  years or older, 20 per cent were mixed ages, 15 per cent 
4-years-old and five  per cent were three  years or younger.  The only marked 
difference between States in this age pattern was that 44 per cent of lines from WA 
were mixed ages.  The type of sheep was recorded as ewes, wethers or mixed lines.  In 
WA all lines were ewes.  At the four abattoirs in NSW, 51 per cent were wethers, 31 
per cent ewes and 18 per cent mixed lines whereas at the one in VIC, 62 per cent were 
wethers, 32 per cent ewes and six per cent mixed lines.  The percentage of sheep bred Chapter 8. Prevalence of Caseous lymphadenitis and usage of  
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on the property was highest in lines from the Victorian abattoir, where there were 80 
per cent in this category.  In WA and NSW 59 per cent of the sheep were bred on the 
property of origin.  Lines of sheep not bred on the property were assumed to have 
incomplete vaccination programs if vaccine was subsequently used on them and no 
vaccination if no further vaccine was used on the property surveyed. 
8.3.2 Vaccine usage 
  In the questionnaire, producers were asked whether they used any one of three 
types of vaccine to control CLA and/or clostridial infections.  These were 3-in-1, 
vaccines that protect against Enterotoxaemia, Tetanus and CLA, 5-in-1 that protect 
against Enterotoxaemia, Tetanus, Infectious necrotic hepatitis, Malignant oedema and 
Blackleg and 6-in-1 that protects against these five diseases and CLA.  The 
manufacturer of the vaccines was not determined.  There were at least 4 
manufacturers of these vaccines at the time of the study.  In Table 8.2 the percentage of 
producers using different vaccines or using no vaccine is displayed.  Of the lines of 
sheep inspected at abattoirs, 31, 29 and 38 per cent in NSW, VIC and WA respectively, 
had been vaccinated with a vaccine against CLA. However in 43 per cent of all flocks, 
CLA vaccine was being used.  Some of these vaccinated sheep had not yet reached 
slaughter age (Table 8.2). 
  The percentage of CLA vaccine users who had the recommended vaccination 
program in place for ewes was much smaller and even less for wethers.  Only six per 
cent of farms are currently turning off sheep vaccinated according to the 
manufacturer’s recommendations (Table 8.2). 
  The percentage of producers using different elements of good vaccination 
programs for ewes or wethers was examined.  Overall, 58 per cent of farms were 
giving two doses of vaccine to lambs (NSW 56%, VIC 59%, and WA 70%).  The Chapter 8. Prevalence of Caseous lymphadenitis and usage of  
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percentage of producers giving yearly boosters to ewes was 50 per cent (NSW 50%, 
VIC 35%, and WA 65%) whereas only 38 per cent administered yearly boosters to 
wethers (NSW 38%, VIC 35%, and WA 40%).  
Table 8.1.  Mean prevalence of CLA in lines from all flocks, flocks not vaccinating against 
CLA and flocks with non-recommended and recommended CLA vaccination programs.  
(Number of Flocks) 
Mean prevalence of CLA (%) 
State 
No. of 
flocks  All flocks 
(95% CI) 
Flocks with no 
CLA 
vaccination 
programs 
Flocks with non- 
recommended 
CLA  
vaccination 
programs 
Flocks with 
recommended 
CLA 
vaccination 
programs 
WA 34  20  (18/22)  24(8)  22(25)  1(3) 
NSW 144  29  (28/30)  32(67)  31(69)  4(8) 
VIC 45  23  (21/25)  22(14)  23(29)  5(2) 
Overall 223 26  (25/27)  29(89)  28(123)  3(13) 
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Table 8.2.  Percentage of producers in three States using different vaccines against sheep 
diseases and the percentage of flocks in which CLA vaccine is used, those sending sheep 
vaccinated with a recommended CLA program to abattoirs during the study and those with 
recommended CLA vaccination programs for ewes and for wethers 
Type of vaccine used (%)  Percentage of flocks vaccinated against CLA 
Recommended program 
commenced  State 
Nil 3-in1-
a 5-in1-
b  6-in1-
c  Total 
Recommended 
program in 
sheep inspected 
at abattoir  Ewes Wethers 
WA  41  47 3 9  56  9  27  15 
NSW  29  3 28 40 43  6  10  8 
VIC  9  2 53 36 38  4  13  9 
Overall  22 10 32 36 43  6  14  9 
a  3 in 1 vaccines control CLA, Tetanus and Enterotoxaemia. 
b  5 in 1 vaccines control Enterotoxaemia, Tetanus, Infectious necrotic hepatitis, Malignant 
oedema and Blackleg. 
c  6 in 1 vaccines control CLA, Enterotoxaemia, Tetanus, Infectious necrotic hepatitis, 
Malignant oedema and Blackleg. 
Table 8.3.  Mean prevalence of CLA in lines of sheep from flocks in which different CLA 
vaccination programs are used 
Vaccination program  Mean prevalence of CLA (%) 
Sheep not given any CLA vaccination  29  
Sheep given one dose as lambs with no boosters   31  
Sheep given two doses as lambs with no boosters   22  
Sheep given one dose as lambs with boosters  33  
Sheep given two doses as lambs with boosters   3 
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  Producers supplying the four abattoirs in NSW had different usage schedules for 
CLA vaccination.  The percentages of flocks in which some form of vaccine against 
CLA was used were 42 and 50 per cent for Dubbo and Goulburn and 35 and 29 per 
cent for Blayney and Mudgee respectively.  The percentage of flocks in which 
recommended vaccination programs against CLA were used, was seven and eight per 
cent for Dubbo and Goulburn and zero for both Blayney and Mudgee. 
  The timing of annual booster vaccinations was also examined.  For ewes, 34 per 
cent of flocks were given boosters at or immediately before shearing, 33 per cent in the 
three week to six month period before shearing and 33 per cent in the six months after 
shearing.  For wethers, 24 per cent were vaccinated just before or at shearing, 29 per 
cent in the 3 weeks to six months before shearing and 48 per cent in the six months 
after shearing. 
8.3.3 Prevalence of CLA 
  Table 8.1 shows the overall and State mean prevalence of CLA for all lines of 
sheep including 95% confidence intervals, those in which no CLA vaccination is used, 
those in which non-recommended CLA vaccination programs had been used and 
those in which recommended CLA vaccination programs had been used.  The mean 
prevalence of CLA in lines from flocks in which some different vaccination program 
options were combined, is shown in Table 8.3. 
  On farms where recommended CLA vaccination programs were used, sheep 
given CLA boosters in the six months before shearing had an mean prevalence of CLA 
of five per cent.  Sheep vaccinated at shearing or in the six months after shearing had 
an mean prevalence of CLA of 15 per cent.  However these averages were not 
significantly different (P = 0.15). Chapter 8. Prevalence of Caseous lymphadenitis and usage of  
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  The prevalence of CLA in ewes and wethers that received no CLA vaccine was 
similar.  There was an mean prevalence of 29 per cent among ewes and 28 per cent 
among wethers.  In NSW the sample size was sufficiently large to show differences in 
the prevalences measured at the four abattoirs.  Producers supplying these abattoirs 
had different usage schedules of CLA vaccination and different mean prevalence of 
CLA.  Lines supplied to the Dubbo and Goulburn abattoirs both had an mean 
prevalence of CLA of 22 per cent whereas those supplied to Blayney and Mudgee 
abattoirs had mean prevalence of CLA of 50 and 43 per cent respectively.  When flocks 
in which no CLA vaccine was used were examined, Dubbo and Goulburn abattoirs 
also had lower mean prevalences of CLA (25 and 27% respectively) than Blayney and 
Mudgee (53 and 44% respectively). 
  Because CLA is spread by shower dipping, (Chapter 7) the control practices for 
lice were also examined.  A summary of these practices that were used and the mean 
prevalences of CLA in lines from flocks in which these practices were used are in 
Table 8.4.  Lines from flocks in which no lice control was used had approximately half 
the prevalence of CLA of lines using any form of lice control. 
8.3.4 Knowledge and beliefs of producers about CLA  
  The reasons why producers do not use CLA vaccine are summarised in 
Table 8.5.  Producers were also asked about their awareness of CLA and issues 
associated with this disease.  Forty-seven per cent of producers had read literature 
produced by the State agricultural agency on CLA (NSW 37%, VIC 45% and WA 85%).  
Sixty-four per cent of producers had read literature from vaccine companies on CLA 
(NSW 65%, VIC 55% and WA 71%). 
  Seventy-one per cent of producers (NSW 68% of 66, VIC 71% of 21 and WA 76% 
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prepared to admit they did not know if CLA was present in their flock.  Of those who 
thought CLA was not present, only 14 per cent sold lines where no CLA was detected.  
Of the producers who thought their flock had CLA, only three per cent sold lines 
where no CLA was detected.  The mean prevalence of CLA in lines from flocks in 
which producers believed they did not have CLA was 20 per cent whereas the mean in 
those lines from flocks owned by producers who believed they did have it was 28 per 
cent.  Of the 223 flocks in this study, 95 per cent had CLA in the inspected sheep (NSW 
97%, VIC 91% and WA 88%). 
Table 8.4.  Prevalence of CLA in lines from flocks with different practices for lice control 
Lice control 
method 
Percentage of producers 
using this method 
Mean prevalence 
of CLA (%) 
None    6  14 
Plunge dip  37  29 
Shower dip  39  31 
Backline 22  27 
Table 8.5.  Reasons why producers in NSW, VIC and WA do not use a vaccine against CLA 
(n = 223) 
Percentage of producers choosing this 
reason  Reason 
NSW VIC  WA  Overall 
Never see CLA in this class of sheep  17  22  9  17 
See CLA, but don’t believe it causes a 
significant loss 
14 11 12 13 
Extra cost of CLA component in the vaccine  8  16  0  9 
Already using 5-in-1 for cattle  6  2  3  5 
Prevalence CLA is known to be low from 
abattoir data 
2 0 0 1 Chapter 8. Prevalence of Caseous lymphadenitis and usage of  
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  When asked, to what extent CLA affects the profitability of their flock, 60 per 
cent thought it was of little or no significance (NSW 66%, VIC 70% and WA 30%).  
Thirty-four per cent said it caused slight production loss (NSW 28%, VIC 30% and WA 
57%).  Only four per cent of producers (NSW 5%, VIC 0% and WA 9%) thought it 
caused moderate production losses, whereas one NSW producer thought it caused 
serious production losses. 
  Producers were asked about their awareness of the effects of CLA on their 
enterprises.  When asked if they were aware that CLA reduces wool production, 58 
per cent replied “yes” (NSW 56%, VIC 52% and WA 74%).  Seventy-nine per cent said 
they were aware that CLA was a cause of condemnation of sheep carcasses (NSW 77%, 
VIC 72% and WA 97%).  Only 38 per cent were aware that CLA causes about $3M loss 
in carcass trimming (NSW producers were not asked this question and 24% of VIC 
and 53% of WA producers were aware).  Only 12 per cent of farmers were aware of the 
abattoir inspection cost due to CLA (VIC 7% and WA 18%).  This question was not 
asked in NSW.  Forty-four per cent of producers were aware that estimated losses due 
to CLA were averaged over all prices offered for adult sheep (50% NSW, 20% VIC and 
50% WA). 
  When producers were asked what information would be most likely to persuade 
them to change to an effective CLA vaccination program, producers ranked the issues 
according to the list shown in Table 8.6.  The importance producers placed on these 
issues did not vary markedly between VIC and WA (NSW producers were not asked 
this question). 
  Less than a third of producers had sought advice on CLA in the past three years 
(NSW 31%, VIC 32% and WA 27%). Producers sought this advice from the sources 
shown in Table 8.7. Chapter 8. Prevalence of Caseous lymphadenitis and usage of  
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  Seventy-seven per cent of producers did not seek advice on CLA because they 
saw no need to vaccinate. 
8.4 Discussion 
  The most significant finding of this study was that although 43 per cent of 
producers used vaccination to control CLA in their sheep, only about 12 per cent had 
recommended CLA vaccination programs that would decrease the prevalence of CLA 
in their sheep. The finding that only nine per cent of producers were sending 
effectively vaccinated sheep to abattoirs at the time of the survey was disappointing.  
However, this could be expected to increase to 14 per cent overall and nearly double 
from 15 to 27 per cent in WA two to four years after the study when ewes vaccinated 
according to recommended CLA programs would be culled for age.   
  The inferences drawn from the prevalence of CLA in lines of sheep inspected in 
this study can be shown to be a reasonable representation of the Australian sheep 
flock.  The 95 per cent confidence intervals for the mean prevalence for each state were 
within two per cent in NSW and within three per cent in the other States.  This 
provides a measure of the accuracy of the estimated prevalence in adult sheep only, 
because all but five per cent were older than three years.  CLA spreads mostly at the 
second and third shearing so the prevalence of CLA is fairly constant as the age of 
sheep increases from 3- to 6-years-old and does not vary markedly between years 
(Paton et al. 1993b). Chapter 8. Prevalence of Caseous lymphadenitis and usage of  
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Table 8.6.  Issues or information that sheep producers consider most likely to persuade them 
to adopt effective vaccination against CLA in WA and Victoria 
Issue Ranked  first  (%) 
Prevalence of CLA in their flock  29 
Buyers pay more for sheep without CLA  26 
Economic losses and their prevalence of CLA  21 
Detail of economic losses caused by CLA  16 
Mean prevalence of CLA in the area  8 
Table 8.7.  Percentage of producers who have sought advice on CLA using different sources 
of information on the control CLA, in three States 
Percentage of producers 
Preferred source of information 
Overall   NSW  VIC  WA 
Merchandise  agent/vaccine  retailer  40 29 55 70 
Vaccine manufacturer’s 
representative 
20 22 20 10 
State agricultural agency 
veterinarian 
20 27 10  - 
Private  veterinarian  14  16 5 20 
Other producer  6  5  10  - 
  There were some important differences between States and abattoirs in this 
study.  Of lines of sheep killed at selected abattoirs in NSW and VIC, more than 50 per 
cent were wethers, whereas in WA no wether lines were assessed.  This is largely due 
to the purchase of wethers for export as live animals from WA.  The comparison of the 
prevalence of CLA between ewes and wethers may be biased to some extent because 
of the over-representation of data from the Dubbo abattoir in this study.  Dubbo 
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prevalence of CLA (R Fletcher, Fletcher International, personal communication).  This 
is partly borne out by the lower mean prevalence of CLA of lines from Dubbo 
compared to Blayney and Mudgee, even in unvaccinated sheep.  These differences 
may also be a reflection of the abattoir’s policy of educating producers about CLA 
control.  This may also indicate the possibility of some bias in the data from WA and 
VIC.  The lines of sheep in these States came from either one abattoir in the case of 
VIC, or two abattoirs owned by one company in WA. 
  A potential problem in assessing and ensuring the application of recommended 
vaccination programs for CLA was that 59 per cent of lines of sheep in NSW and WA 
were not bred on the property of origin.  The high proportions of sheep not given two 
doses as lambs (mentioned earlier) indicate that starting a CLA vaccination program 
in sheep after they are purchased, is unlikely to result in a low prevalence of CLA.  
This is particularly relevant if no vaccination history of purchased sheep is known, 
given the low proportion of effectively vaccinated sheep in the population.  
  One encouraging aspect of this study is that a high proportion of producers use 
vaccine against CLA.  If the information about effective CLA vaccination is available 
from agents who sell vaccine, sheep producers can adopt the recommended 
vaccination programs.  Forty-three per cent of producers already buy product that can 
control CLA and an additional 30 per cent buy a vaccine that does not protect against 
CLA (5-in-1).  Only 27 per cent of producers (NSW 29%, VIC 9% and WA 41%) do not 
vaccinate their sheep and would therefore need to be informed about CLA control 
from a source other than vaccine sellers to induce them to start to use vaccination 
against CLA. 
  The deficiencies identified in vaccination programs in different States can be 
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producers gave yearly boosters in VIC.  Giving yearly boosters to wethers is also an 
issue that could be the subject of improved extension. 
  An important finding of this study is that the prevalence of CLA is reduced only 
when two doses of vaccine are given to lambs and then yearly boosters are given to 
adult sheep.  The best result obtained with a non-recommended vaccination program 
was a reduction in the prevalence of CLA from 29 per cent in unvaccinated sheep to 22 
per cent in sheep that received two doses of vaccine as lambs but no yearly boosters.  
This difference was not significant (P = 0.66).  In comparison to an mean reduction in 
the prevalence of CLA from 29 per cent to three per cent was achieved for a 
recommended program. 
  The effect of timing for yearly boosters could be important, because of the high 
proportion of flocks giving boosters at shearing or more than six months before 
shearing.  Evidence of a higher prevalence of CLA in one research station flock (Paton 
et al. 1994) supports the suggestion that this practice decreases the efficiency of CLA 
control.  The mean prevalence of five per cent for lines from flocks in which boosters 
were given in the six months before shearing was one third of the 15 per cent mean in 
lines from flocks in which boosters were given at or more than six months before 
shearing.  This indicates that this aspect of effective CLA control should be included in 
extension programs. 
  The finding that flocks not dipped for lice had lines with a lower mean 
prevalence of CLA was consistent with other studies (Chapter 6) but it is somewhat 
surprising that flocks used backline treatments had a higher prevalence of CLA.  This 
may arise because backline treatment is more likely to be applied immediately after 
shearing, which necessitates sheep being kept together longer after shearing.  This 
would give a greater opportunity for CLA spread via sheep coughing infected 
material onto shearing cuts of uninfected sheep (Chapter 5). Chapter 8. Prevalence of Caseous lymphadenitis and usage of  
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  The awareness of CLA as a problem seems to be higher among producers in 
WA, coinciding with the lower mean prevalence there. More producers in WA have 
read literature on CLA.  Over half of WA producers thought CLA caused slight 
production loss compared with 28 and 30 per cent in NSW and VIC respectively.  
Approximately 20 per cent more WA producers were aware of most losses during 
meat processing due to CLA compared with other States.  The exception to this was 
that 50 per cent of both NSW and WA producers were aware that assumed losses due 
to CLA were included in mutton prices compared with a 20 per cent awareness of this 
in VIC. This higher awareness in NSW may be due to extension programs about meat 
quality issues provided to producers by the operators of Dubbo and Goulburn 
abattoirs. 
  Producers who did not use CLA vaccine failed to do so mostly because they 
never see CLA in their sheep.  This is not surprising because producers seldom visit 
abattoirs where CLA is seen as a problem.  However, the reasons vary between 
producers in different States.  More WA producers are aware of CLA even though 
some are still unaware of its economic effects.  Producers in VIC were more concerned 
by the small extra cost of CLA vaccine than those in NSW.  This is not an issue in WA 
because only a negligible amount of vaccine without a CLA component (5-in-1) is 
available to sheep producers.  The low percentage of producers who correctly thought 
they did not have CLA emphasises the problem of awareness associated with the lack 
of clinical signs of CLA. 
  Of producers who did not use CLA vaccine, there are more who would be 
persuaded to start an effective program if their flock’s prevalence of CLA was 
communicated to them.  This indicates that simple and effective transfer of 
information can affect producers’ attitude to controlling this disease.  The next most 
popular incentive to change to CLA vaccination would be if buyers paid more for Chapter 8. Prevalence of Caseous lymphadenitis and usage of  
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sheep with a low prevalence of CLA.  If processors collected information on the 
prevalence of CLA to convey to producers, then they could pay more to producers 
with flocks with low prevalence of CLA. 
  Retailers who sell vaccine are the most popular source of information on CLA 
control by a factor of two.  It is probable that these retailers have the least knowledge 
of CLA vaccination issues, so improving their knowledge would increase the use of 
vaccination against CLA.  Large decreases in the prevalence of CLA could be achieved 
by about 70 per cent of producers by either making adjustments to their sheep 
vaccination programs or using a different vaccine.  Two or three key facts on effective 
CLA vaccination could be available at the point of sale of vaccines and from abattoirs 
along with information on the prevalence of CLA.  This information can improve 
producers’ motivation and knowledge for controlling CLA. The prevalence of CLA 
could then decrease dramatically in the next five years and the investments made in 
vaccines would be returned to producers and processors. Chapter 9. Conclusions 
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CHAPTER 9 
Conclusions 
  Although various elements of the cause and effects of caseous lymphadenitis in 
Australian sheep have been studied since the 1920s it was the emergence in the early 
1980s of serological tests to monitor its spread that allowed the research detailed in 
this thesis to be attempted. 
  During this same time period, a vaccine to control this disease was developed 
and this gave further impetus to this research to examine the epidemiology of CLA.  
The Australian sheep industries now have significantly enhanced knowledge of this 
disease, its extent and occurrence, its costs and how its control can be affected. 
  ELISA tests for the toxin and cell wall components of C. pseudotuberculosis have 
proved to be useful tools in monitoring the spread of CLA.  Their principal advantage 
is that they could be used on a large scale as demonstrated in Chapters 4, 5 and 6 to 
track the path of disease spread in groups of sheep.  These tests were initially 
evaluated for their usefulness as tools in detecting and eradicating CLA from sheep 
flocks (as described in Chapter 2).  There are a number of aspects of the pathogenesis 
of CLA that have made these tests unsuited to this purpose.  Firstly the tests are prone 
to give seemingly false positive tests in some sheep newly exposed to the disease.  As 
the gold standard by which the test is judged is the presence of pathognomonic 
abscesses in a sheep carcass, then those sheep which become transiently infected but 
successfully eliminate the infection before abscess formation will be likely to yield a 
positive test.  Although this result could be considered a false positive, the outcomes 
of the epidemiological research and the wool production work both indicate that these 
sheep are important indicators of the results of CLA infection even though they do not 
develop lasting CLA lesions.  The chronic nature of CLA pathogenesis leads to a Chapter 9. Conclusions 
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number of sheep that have caseated abscesses which are effectively sequestered by 
their fibrous wall from the sheep’s immune system.  These sheep become serologically 
negative to these ELISA tests and pose the most significant problem for the use of 
these tests to detect chronically CLA infected sheep. 
  The finding that new CLA infection is associated with a decrease in wool 
production (Chapter 4) adds significantly to the other costs of this disease in the sheep 
meat industry.  This makes the disease a more important priority in the register of 
animal health costs to the Australian sheep industries.  The importance of this finding 
has waxed and waned with the rollercoaster of wool prices through the 1980s to the 
present.  Although the total cost was a very significant figure when the prevalence of 
CLA, wool price and the Australian sheep population were much larger figures (Paton 
1997), it still remains a significant cost to the industry. 
  The finding that this loss of wool production is associated with new CLA 
infection would have been impossible without the use of serological tests to detect 
newly infected sheep.  If the only method for researchers to use to compare the wool 
production of sheep affected and not affected by CLA was lesions in a sheep carcass, it 
is highly unlikely that this effect would have been discovered.  The unknown disease 
status at the beginning of the period of measuring wool production and the non 
detection of the significant percentage of sheep which become transiently infected and 
do not develop lesions would both be vital flaws in associating wool production 
against CLA lesion status. 
  The findings that a high incidence of CLA is associated with the use of dipping 
and keeping sheep confined after shearing (Chapter 6) and that a high incidence of 
CLA can occur without any detection of spread from external abscesses (Chapter 5), 
offer important explanations for the significance of CLA in the Australian sheep flocks.  
The very high prevalences of CLA reported in the 1970s (Robertson 1980) could be due Chapter 9. Conclusions 
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to the use of compulsory dipping of sheep for lice control programs which occurred in 
Western Australia (F.C. Wilkinson per. comm.) in the period prior to this in Australian 
sheep flocks.  The practice of using “counting out pens” as a means of keeping a tally 
of sheep shorn by an individual shearer has the effect of keeping sheep in close 
confinement after shearing.  The extent of these practices appear to be unique to the 
Australian sheep industry and could be postulated to be important contributors to the 
high mean reported prevalence in old ewes in this period at the end of the compulsory 
dipping era. 
  Other findings such as the very high incidence of CLA infection in groups of 
sheep after shearing when the prevalence before shearing was low (Chapter 4) indicate 
that CLA can spread rapidly from one sheep exhaling C. pseudotuberculosis from a lung 
abscess to a large number of susceptible sheep with cuts after shearing or even 
without cuts if the sheep are dipped.  Whether these infectious organisms were spread 
by air borne particles or by the fluid in dips, the practices of the Australian sheep 
industry enabled this disease to reach high prevalences which have not been 
documented in any other sheep producing country. 
Since the last assessment of CLA prevalence in adult sheep at Australian abattoirs was 
carried out in the late 1990s, the justification for further research on this disease should 
be bases on a more current assessment of the losses caused by this disease in current 
economic conditions.  Further research could also evaluate targeted at extension 
systems providing advice on effective vaccination strategies to effectively control this 
disease.  The motivation of processors and costs of providing disease prevalences and 
extension could be evaluated. 
Although the Australian sheep industries have been challenged by the extent of CLA 
in its sheep populations, it now has the knowledge and tools to effectively control this 
disease.  The finding that using a recommended vaccination program effectively Chapter 9. Conclusions 
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controls CLA in commercial sheep flocks is vital information for the sheep industries.  
It is now up to these industries to empower individual producers with the knowledge 
of the prevalence of CLA in their flocks and how to implement an effective vaccination 
program.  Armed with these two vital pieces of information, managers of sheep can 
effectively consign CLA to a very minor contributor to the animal health costs of the 
Australian sheep industries. 
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Appendix 1. 
CONFIDENTIAL 
SHEEP VACCINATION QUESTIONNAIRE 
The purpose of this questionnaire is to establish current vaccination practices used by 
sheep producers, and in cases where they are not vaccinating, find the reasons for this.  
The information obtained will be used to help develop advisory packages on the most 
appropriate vaccination procedures, to improve the effectiveness of disease control, and 
thus mutton quality. 
A line of your sheep was examined at slaughter as part of a random survey looking at the 
prevalence of CLA (cheesy gland/yolk boils) in adult sheep and the associated 
vaccination practices.  Your results from this survey are available upon completion of this 
questionnaire (see end of questionnaire). 
Description of line ................................................................................................................................. 
Date of slaughter ................................................................................................................................... 
Please answer the following questions by ticking the most appropriate box. 
1.  DETAILS OF SURVEY MOB 
 1.1  How old were the sheep identified in the line slaughtered on the above date? 
    Lambs (less than 1 year)   
  1–3  years     
  4  years     
    5 years or older    
    Mixed ages (some < 3 years)   
    Mixed ages (none < 3 years)   
 1.2  What was the origin of these sheep? 
    Bred on property    
  Purchased     
  Mixed     
  If purchased at approximately what age   ..........................Yrs 
 1.3  If purchased, how many times had they been shorn on your property, prior 
to slaughter? 
    Never (owned less than 12 mo)    
    Once (just prior to slaughter)    
    Once (more than 6 wks before slaughter)    
    Twice or more    Appendix 1 
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2.  VACCINATION PROGRAM ON YOUR PROPERTY 
 2.1  Was this mob vaccinated against Cheesy Gland (i.e. with 6-in-1 or 3-in-1)? 
  Never  vaccinated   
    Unknown (purchased)    
    Yes, using the vaccine and routine indicated below   
    Only had 3-in-1 or 6-in-1 in some years   
    Other (Please specify) ..........................................................................................  
 2.2  What type of vaccine do you use in your vaccination program? 
  None  .....   3-in-1  .....   5-in-1   
  6-in-1  ...    Other (Please specify) .........................................................  
    If you use a different vaccine for lambs and adult  
stock, please specify which vaccine is given to which .................................  
   ..................................................................................................................................  
 2.3  What is your normal vaccination program for ewes? 
    Never vaccinated    
    Vaccinated once, as lambs    
    Vaccinated twice, as lambs    
    Do you give an annual booster?  Yes          No    
         Sometimes    
 2.4  What is your normal vaccination program for wethers? 
    Never vaccinated    
    Vaccinated once, as lambs    
    Vaccinated twice, as lambs    
    Do you give an annual booster?  Yes          No    
         Sometimes    
 2.5  If you don't use clostridial (Pulpy kidney/tetanus or 5-in-1) vaccines, why 
not? (If you tick more than one option, please indicate your most important 
reason with *.) 
    Cost of vaccine    
    No problems with diseases controlled by these vaccines    
    Not important enough to worry about/other priorities    
    Inconvenience of using vaccine    
  Not  sure     
    Other (please specify) ..........................................................................................  Appendix 1 
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 2.6  If you don't use a vaccine that also protects against Cheesy Gland (3-in-1 or 
6-in-1) in some or all of your sheep, why not? (If you tick more than one 
option, please indicate your most important reason with *.) 
    Never see CLA in this class of my sheep    
    See CLA, but don't believe it causes significant loss    
     Extra cost of CLA component in the vaccine    
    Need 5-in-1 for cattle as well, so not economical to buy  
    both types of vaccine    
    Know CLA level in my sheep is low from abattoir data    
  Not  sure   
    Other (please specify) .......................................................................................... 
 2.7  When is each class of sheep vaccinated in relation to shearing? 
    Lambs  Ewes  Wethers 
    At or just before shearing       
    3–12 weeks before shearing       
    3–6 months before shearing       
    More than 6 mo before shearing       
 2.8  How long before the start of lambing are ewes vaccinated? 
    Less than 2 weeks   
  2–8  weeks   
    More than 8 weeks    
3.  OTHER VACCINES USED IN SHEEP 
 3.1  Please mark any other vaccines used. 
  Scabby  mouth   
  Footrot   
  Anthrax   
    Other (Please specify) .......................................................................................... Appendix 1 
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4.  PRESENCE OF CLOSTRIDIAL DISEASES 
 4.1  Please indicate whether the following diseases have occurred in your sheep, 
and if so, whether the disease is considered to be a significant cause of loss.  
Confirmed  cause = diagnosis made by vet post mortem or laboratory tests. 
 Never  Suspected  Confirmed  Significant 
  seen  cause  cause  cause of loss 
 Pulpy  kidney 
 (enterotoxaemia)       Yes   No   
 Tetanus       Yes   No   
 Blackleg       Yes   No   
 Black  disease       Yes   No   
  Swelled head in rams       Yes   No   
 Malignant  oedema       Yes   No   
    Please comment if necessary  .............................................................................  
   ..................................................................................................................................  
  5.  AWARENESS OF CHEESY GLAND 
 5.1  Have you read any State Agriculture information on Cheesy Gland in 
sheep"? 
    Yes  .....   No  .....   
 5.2  If no, do you know if it exists? 
    Yes  .....   No  .....   
 5.3  Have you read any vaccine company information on the effects of cheesy 
gland? 
    Yes  .....   No  .....   
 5.4  Do you think cheesy gland is present in your flock? 
    Yes  .....   No  .....    Don't know .....  
 5.5  If yes, to what extent do you think cheesy gland affects the profitability of 
your flock? 
    Of little or no significance    
    Slight loss of production (wool/growth/health affected)    
    Moderate loss of production    
    Serious losses    
 5.6  Are you aware that cheesy gland causes a reduction in wool production in 
affected sheep? 
    Yes  .....   No  .....   Appendix 1 
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 5.7  Are you aware that cheesy gland causes condemnation at abattoirs? 
    Yes  .....   No  .....   
 5.8  Are you aware that cheesy gland causes about $3M in carcase trimming to 
mutton carcases at abattoirs? 
    Yes  .....   No  .....   
 5.9  Are you aware that meat inspectors (AQIS) spend 60–80% of their time for 
adult sheep dealing with cheesy gland at a cost of approximately $15M 
annually? 
    Yes  .....   No  .....   
 5.10  Are you aware that buyers allow for assumed cheesy gland losses in the 
price they are prepared to pay for mutton sheep? (i.e. a reduced price is 
offered at sale to allow for the presence of cheesy gland.) 
    Yes  .....   No  .....   
 5.11  Are you aware that some buyers are now seeking lines of sheep with low 
cheesy gland levels and are prepared to pay more for sheep from flocks with 
a history of low cheesy gland levels. 
    Yes  .....   No  .....   
 5.12  If you do not use vaccine or if your vaccination program could improve. 
Which of the following information would be MOST likely to convince you 
to change to an effective cheesy gland vaccination program. 
    Detail of the economic losses caused by cheesy gland   
    Buyers of adult sheep paying more for low cheesy gland sheep   
    The cheesy gland level in your flock   
  The  economic  losses  WITH your level   
    The average cheesy gland levels in your area   
    Nothing would convince me   
    Other (please specify)........................................................................................... 
 6.  DIPPING  PRACTICE 
 6.1  What is the current method  of lice control used in your flock? 
  None     
    Plunge dip    
    Shower dip    
  Backline     
    Other (Please specify) .......................................................................................... Appendix 1 
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 6.2  Is this control method applied: 
    Within 24 hours of shearing    
    Later than 24 hrs, but within 6 wks of shearing    
    More than 6 wks after shearing    
 6.3  Was the same method of lice control as above used on the surveyed mob 
over their lifetime? 
    Yes  .....   No  .....   
 6.4  If no, how did their treatment differ/change, and when?  
(e.g. changed from backline to plunge last year, etc.)  ..................................  
   ..................................................................................................................................  
  7.  ADVICE ON VACCINATION 
 7.1  Have you read any State Agriculture literature on Sheep vaccination 
programs? 
    Yes  .....   No  .....   
 7.2  If no, did you know it existed? 
    Yes  .....   No  .....   
 7.3  Have you sought advice about vaccinations in the last three years? 
    Yes  .....   No  .....   
 7.4  If yes, from whom? 
  Merchandise  Agents     
    Manufacturer's representative    
    Private veterinarian    
    State agricultural advisor   
    State agriculture vet    
    Neighbour/other sheep producer    
    Other (please specify) ..........................................................................................  
   ..................................................................................................................................  
 7.5  If no, why not? 
    No problem with current program    
    See no need to vaccinate    
    Other (please specify) ..........................................................................................  
   ..................................................................................................................................  Appendix 1 
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8. SURVEY  RESULTS 
 8.1  Do you wish to receive the results of the abattoir survey showing the 
prevalence of cheesy gland in a line of your sheep? 
    Yes  .....   No  .....   
 8.2  Would you be interested in discussing these results with a State Agriculture 
Veterinarian? 
    Yes  .....   No  .....   
 Your  name:  ....................................................................................................................... 
 Address:  ............................................................................................................................ 
 .............................................................................................................................................. 
 .............................................................................................................................................. 
 Phone  No.  ......................................................................................................................... 
 
 
 
 
 
 
 
 
 
 
 
 
 
PLEASE RETURN THIS QUESTIONNAIRE TO: 
  
  
  
   
 